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A. G. Mumers, Lx. 


CULVER STREET WORKS, COLCHESTER. 
Ow ApMInatTy axp War Orrice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement, Bree 33 and 94, 


PATENT WATER-TUBB 


BOILERS 
AUTOMATIC FEED REGULATORS, 


4 Auxi to the 
a. ae 





TN iesel Driven Generators, 


400-500 Kw., nse Nanya B ay 360 
excellent condition. 


oye ee Ae be sold renparstal. 


son ee Valea D.O. (in series 480-800 volte), complete 
with Spare Armature 
bene be TURBINE at, Willans-B.0.C. -» 200 Kw., 
440/500 Volts. Complete with Condenser, Pumps, &c. 
JENNINGS, 


West Wallis, Newcastie-en-Tyne. 1969 


Brstol 


R.P.M., in excellent 
ingines a and 
Also 





Preumatic 


5 ase 
See Advertisement last week, page 118. 
((ranes.—Electric, Steam, 
HYDRAULIO and HAND. 

of all ¢ and . 
GEORGE RUSSELL & COo., 
Motherwell, near Glasgow. 
STEEL TANKS, PIPES, GASHOLDERS, &c. 


Fy thos. Piggott & Co., Limited, 
See 


Roox Dri tts. 





Lrp., 
8207 





RMINGHAM. 411 
Advertisement last week, page 113. 


Plenty az and Son, 


MARINE ENGINEERS, &e. 
Newsunry, Hve.anp. 


ank Locomotives. 
Specttenes and Workmanship equal to 


Line Locomotives. 
R. & W. HAWTHORN, LESLIE & CO.,, Lrp., 
EyGinerens, NEWCASTLE-ON-TYNE. 


(‘ochran 


See page 17. 











MULTITUBULAR AN 
CROSS-TUBE TYPES. 


Boers. Ps 


Pp etter Qi! B2gizes. 


Manufactured by 3501 
PETTERS Limirep, Engineers, Yeovil. 


“ Spencer- FT opwood” Patent 


Sole Makers: Boilers. 
W. H-SPENCER & CO., Hrroum, Herts. 
See page 15. 


I nvincible (iauge (j lasees. 


BUTTERWORTH BROS., Ltd. 
Newton Heath Glass Works, 














Od 9753 


arrow & Co., Ltd., 


Y actor AND ErGINBERS, 


SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 
BXCKPTIONAL Smattow Draven. 
Repairs on Pacific Coast 

by YARROWS, ieetee. Victoria, British hee 


SuIPBvrLpERs, SxiP Raparnses a¥p ENGINEEns. 


») ohn Bellamy, imited, 
MILLWALL, LONDON, B, 
GENERAL ConsTRUCTIONAL ENGINEERS, 


Boilers, Tanks, & Mooring Buoys 
Srimis, Perrot Tawks, Arn RECEIVERS, STEEL 
Curmneys, RIVETED STEAM AND VENTILATING PIPEs, 
Hoprtrs, Specta Work, Reparrs or Att. Kinps. 


121€ 


a 


BAM G kK 1 
Merrill's Ps Peng wel TWIN STRAIN 
Suctions, 
ig fe 1A STAM UCING VALVES 
NMETAL STRAM FITTINGS 
ATER SOFTENING and FILTERING. 5733 





19 (\ampbells & Hue, 4. 


Gear Cutting. 
Worm Wheels cut up to 13 ft. diam. 


Bevel and Mitre Wheels planed up to 3 ft. diam. 
Spur Wheels cut up to 9 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 4547 
+S achts, Launches, or pes 
byes complete with Steam, ou be 
ones: Gacaens Lrp.,, ie Reece, 
FOR 4 
or g in g 8 








rop 


write 
GARTSHERRIE ENGINEERING & FORGH OO., 
: 50, Wellington Street, G le 1898 





IL FURL APPLIANOBS. 
PRESSURE, 3 Srzam. 
For Boilers of all types. 
KERMODES LIMITED, 
%, The i tn oe — Street, 
Liverpool ; an 
109, Fenchurch Bt., ; 
Naval Outfits a Speciality. 


4078 





ocomotives | Tank Ferns 
exumpaty W. 


Od 2487 
See their bere page 131, last week. 
RAILWAY AND aeaneae Saas STOCK. 





8208 Hz Nelson & Co. | Pos 


Res Gacteey Sage Sees 450 Shae Pome, 
MorHERWELL 


The (Cambridge and px 
[nstrument 


COMPANY, LIMITED. 


Worxs: Cambridge and 
New Southgate, London, N. 11. 


enry Butcher & Co., 


VALUBRS axp AUCTIONEERS 
to the 
BNGINEBRING AND ALLIED TRADES. 





8104 





AL#0 FOR 
PLANT axp MACHINERY. 
63 and 64, CHANCERY LANE, W.C. 2. 


8134 





ee * Manchester. 
E lectric 


S. H. HEYWOOD & CO., LTD., 
EDDISH,. 


([‘ransporters. 


8143 


lectric | Peas 


(UP TO 3 TONS.) 


8. H. HEYWOOD & 0O., LTD., 
REDDISH. 


and 


[['ubes Fittings. 


Stewarts and L /oves, Lf: | Books 
Glasgow and Birmingham. 


See Advertisement page 76. 8187 


CO: P lants (are) 


for Chemical Wks., Mineral Water Mfrs., Breweries, 
and all other — SPARKLETS AND GENERAL 


Mre. Oo,, Li eg London, 5 _ ae 


ie Pinished ( astings 


me cost by dininnties 
rite for ttiextentions to 
Mre. Co., Ltd., Edmonton, 


. 18. 
ABRIAL ROPEWAYS, CABLEWAYS, CRANES. 
teel (\astings. 


on, = layed advertisemen . 
" RENDBRSON & » . 
Mesuring M echines 
Stock. 
™ 
Newall Hagineering (Co 


(Proprietors, Peter Hooker,  Ltd,), 
Loypox, EH. 17. 








1834 


ement.—Maxted & Knott, 


Lrp., Uonsulting Cement Baginoem, ADVISE 
on Cement Schemes FOR 
ROAD. “ADVICM ONLY. 

blished 1 





Oablegrams : “ Bnergy, Hull.” 
OHANTIBRES & ATELIERS 


A 2gastin - NJormand 


61, rue de Wilea HAVRE 





Destroyers, Boate, Yachts 5 ane Fast oo 
Suimeriee and Be nd Submersible Boats. 
NORMANDS Fu Patent Water- ry ig ~~ or Ol 


Diese! Oi! Bngines 
Rr» ber 


MANUFACTURERS. 
Conveyor Belts 





GUTTA PERCHA & RUBBER, LIMITED, 
Toronto Oanada. 


Y #trow Patent 
ater-tube 





MyiRnow ws Go, Lp. Soweeroun, , GLASGOW. 
Matthew paul & Co, UO» Li 





agi yoo 1 eye 
Full Page Advt. » page 93, barton. 


gings. 
Walter omers & Oo., Ltd. 
_ HALESOWEN. . ome 


| Head, Wrightson & (., 


LIMITED, 








See Advertisement page 100. 2402 


I['eylor & (jhallen 


Presses. 


TAYLOR&CHALLEN, Lp., Engineers, Binminenam 
See Full Page Advertisement, March 5. 


ailway 
G witches and 


(jr ossings. 


T. SUMMERSON & SONS, LIMITED, 


> _DaRLIneTor, _ 
R. Y. ‘Pickering & Oo., Ltd., 
(BsTABLISHED 1864.) 

BUILDERS of RAILWAYCARRIAGES 2WAGONS. 
MAKERS of WHEELS and AXLES of all hinds. 
RAILWAY WAGONS FOR HIRE. 

Chief Works and Offices : 
WISHAW, near GLASGOW. 


3, Vioromia Sraeet, WesTminerer, 8.W. 











7535 | from 





lectric (\ranes. 


8. H. HEYWOOD & OO., LTD., 
REDDISH, 


ocomotive 
(ELECTRIC). 


8. H. HEYWOOD & COo., LTD., 


'['raversers 
8143 





Puller, Neraey, Weds & Cassell, 
diad the 
SALE AND VALUATION 
PLANT AND MACHINERY 


BNGINEERING WORKS. 
_BILLITER SQUARE, B8.C. 3, 


Iron and Steel 


[lubes and oe: 


il, 





| The Scottish Tx Tube Co., Lid, 
- Himap OFFICE : 34, Robertson Street, Glasgow. 
See Advertisement page 93, March 19. 


66 Ap t ol ” 
[_pbricatin ils 
“Germ Process” Oils 

GIVING 


Greatest Economy. 
Henry Wells Oil Co., 


ll, HAYMAREET, 8.W. 1. 


FOR 
W 











EK, 4 J. Davis, } ML 4.2. Mech. E., 

pected, Tested 
Reported “re 3° ~ Raphtising, Lo rel 
—Great Eastern Road, Stratferd, B. 15. 


(F-e°ree H Alexander 
Mechinery | Pre 


83-4, CoLesmiL. Srreet, Brauresam, 





Machine Tools. 


Smatt Toor. Speorat Macuines. 





eee 
omen 








DISH. 
pilent 


g,|P edging 


OF ALL DESCRIPTIONS, 
FLOATING CRANES, OOAL BUNKERING 
VESSELS. 


Werf Conrad, , HOLLAND, 
House, 


Agents: MARINE WORKS, Lrp., PRtAns 
20-41, New Buoap 8r., , LONDON, BO, 2. 
See half-page Advert. last next week. 


(ceontugls 
pm raed Ween 


7941 
Seo hall-page Advertisomont page 82, March 19 








iF 











’ 

[the Manchester Steam Users 

h ti AS tes Baller Explosions 

Vv 0! 
for the dtisinmens of Kconomy in the Applicaton 
of Steam. 9, MounT SrReE? 
Chief Engineer; C, B. ' 
Founded 1854 b 


Ountifentes 2 Safety 
on 
and L 





Tihe National Fosnaae 


ASSOCIATION oF 
BNGINKERING AND ALLIED TRADBS. 
(Registered under the Trade Union Act.) 


ap roth bee med after the 
Supervisory Capacit; sity 


at High Holborn 
ms London, W.C. 1. 


An Association 
interests of Foremen 
All communications ion 
H. W. RBID. 
Genera) Secretary. 


ParTeyrts anv Desiens Aor, 1907. 


Notice is Hereby Given that|? 


James Howden & Company, ery and 
James Howden Hume, both of 196, Geotland Street, 





Letters Patent No. 135949, for “‘ Improvements in 
er relating to Glands for Turbines. lars 
of the p ed amendment were set forth in the 
Tilustraved OF Official Journal a issued on the 
17th March, a ae ae 

ve notice of Opposition to 
eaving Patents Form Ne. 18, at the Patent Office, 
26, Southampton Buildings, London, W.C. 2, within 
one calendar month from the date of the said 


Journal, 
W. TEMPLE FRANKS, 
Conger at ife 





STRASBOURG RIVBR SHIPBUILDING 
COMPANY, 


t is Announced that the 

SOCIETB DBS CHANTIBRS BT ATBLIBRS 

DU RHIN FRANCAIS (Capital Fes. 10,000,000) will 
shortly be formed at Strasbourg. 

After a complete examina the SOCIBTE 
DES CHANTIBRS RT ATELIBRS AUGUSTIN 
NORMAND, have decided to extend to this Com- 
pacy their scientific co-operation. 

The new Com —. will be founded by the inter- 
medium of the d'Etudes “ LB CONSORTIUM,” 
6, Boulevard de la Madeleine, Paris, and all the 

incipal Banks of Alsace-Lorraine, vis.: BANQUEB 
he ULHOUSB, BANQUB D’ALSAOE LOR- 
RAINE BANQUE STABHLING Gat his and 
SO0{BTR GBNBRALE D'ALSACE LORRAINB. 


[2* C.E. Exams.—Over 300 

San ey yep Ooontsas. spect 
tees on and Quantities’ A tew Yop 
Address, 7434, Offices of BNGINEERING, | 


rrespondence Courses for 

B.Se., Inat. O.H., I. Mech. B., all BNGI.- 
NEERING EXAMS, Special Courses and Single 
Subjects. Personal tuition. —For full lars 
apply to Mr, TREVOR W. Pat LL 
Assoc.M.Inst. <; H., M.R, 





ay Nn Oy 8423 


T=. C.E., I. Mech. E., B.Se., 


and all Regncering 1 ae —Mr. G. P 
KNOW. Las, Bee M. Inst. 0.8, F.8.I., 
M.R.San.I., PREPARES CANDIDATES personally 
or by correspondence, Hundreds of successes. 
Courses m: oe —anereee at any time,—39, aba ~*~ 
St., Westminster, S 


pees 


Pract. Maths. and COaloulus.—PENN 


‘ONS, 
University Tutors, 254, Oxford Rd., , Manchester. 











TENDERS. 


[lenders Invited for Supply 
of TWO 50/60 HP. Petrol-paraffin 
MOTORS suitable for motor 
Specification from OGILVIE” & PARTNERS, 
ise. Consulting Engineers, 104, High —_——, 
AY) 








The COMMISSIONERS OF HIS MAJESTY’'S 
WORKS, etc., are prepared to receive 


aga Tensor, before Eleven 


a.m. on Wednesday, 7th A’ 1920, 
addressed to the SECR: TARY, i rhe ag Office 
of Works, etc., Storey’s Gate, Wes 

S.W. 1, for the supply ot Gonpurt *TUBMS ant 
FITTINGS durin 
of ones ~& 
ms ender, so get 

cation to the CONTROLLER ot of SUPPLINS, 
Office of Works, etc., King Charles Street, West- 
me F 482 


A genes of 12 months from date 
ender, 


minster, London, 5S. 





OLDHAM CORPORATION WATER WORKS, 


[renders are Invited for the 
ong 7, Om 
One HORIZONTAL ENGINE, with 2 in, 
startin aren rn Og cylinders by 16 in. stroke; 
with 5 ft. Wheel with Governors, 
ete., and ome fron plate, 8 ft. Sin. long, 
together with feed pump with 1 in. ram, wit! 
yphon and exhaust , on stone 
founda daation | ft, by 2 ft. 8in., “ ron fencing. 
One VERTICAL BOILER, 8 ft. by 2 ft. 9 in. 
= with Injector, Safety Valves, Gange Taps, 


One STONE CRUSHER, by Robert 
Stalybridge, with two 5 ft. 
pulley, 36 in. by 7 in., with 21 in, jaws, 

The Machinery and Crusher to be ir mewitgg 
by and = aa Ss aoe of the poe oe dering. 

pre ssion nepect t 

Crusher, licants should 
Bariey, neer, Piethorne, 


for the material should be 
Mr, ERNEST PARRY, Commercial Su 
Water Office, Oldham, and sent not 

moraing of Tuesday, the 6th of April. 


achinery 
a to Mr. ©, J. 
¥. BY nochanie. : 
anbiot 
than the 
F 543 


Broadbent, 
wheels, driving testimonials and m 


and | the 


CLYDE LIGHTHOUSES TRUST. Ss: 


vk The Trastecs invite a 
B7guiries for the Sale or r Hire 

their DREDGEE, “WILLIAM 4H. 
Se relay which is im excellent order, The 
prten > fame in Mins West tg gry Port- 


of ig 500 r 
mh Sot hr 


, speed 5 8 knate, 
smal 
on particulars of the vessel =< Messrs. 
& OC, Srevenson, Civil Engineers, 84, George 
Street, Edinburgh. 


for sale or biiee $0 be made to the under- 
sign 


J. F. ANDERSON, 
Clerk to the Trustees. 
137, St. pra Street, 


“lth 1920, F 
TO ENGINEERS ‘AND OTHERS. 
The COE Asylums Board invite 


Ti ers for Installation of 
RAs STEAM BOILER, IRONING eACerrE 
and ENGINBSERING WORK 
AUN INDI, at Princes Mary’s Hospital, Chitin 
fication ou prepare ir. T. Cooper when, t. 
cations pre; r. per, nst.- 
Ly : a, meer - in - Chief. The 
wing, Speccation and Form of Tender may be 
the Office of the Board, Embankment, 
and after Ten a.m., on Friday, 26th 
” 1920, and the Drawing, Specification and 
Fou of Tender can then be obtained os 
pey yment of a deposit of 21. The amount of the 
ogee will be returned only after the receipt of a 
bona fide Tender sent in accordance with the 
instructions on the Form of Tender and after the 
Specification and the Drawing bave been returned. 
‘enders. as no on the Form, must be 
delivered at the Office of the Board, not es than 
30 p.m., on Wednesday, 14th Aprii, 1920 
By Order, F 518 
DUNCOMBE MANN, 
Clerk tothe Board 


“CORPORATION OF GLASGOW. 
TRAMWAYS DEE DEPARTMENT. 
ELECTRIC GENERATING PLANT FOR SALE. 


ment of the CORPORATION 
are prepared to receive 


(fers as Scrap or Complete 
Unit for the undernoted Plant at their 
Pinkston Power Station, which is being superseded 
by ae Sets :— 

ve 45 Period 


e 2500 Kw. Three- 
STRAM ALTERNATOR ser r.p.m., com- 
plete with Condenser, vats ‘Piping, ete. 
pet ny of the Plant, gy of Sale, 
otber information d 
tion to Mr, James Davisare General 
Sealed Offer 


“* Tram wa: = 
30th 


F377 


Spec 
ee 


The Temew? De 
OF G 





t, 
Tender for Pinkston Plant for Sale,” to be | 
with the Y eaieegecal on or before "Tuesday, 


March, 1 
The hnighest or any offer 7 not ~ accepted. 
City Chambers, 
ae 
6th March, 1920. F 441 
COUNTY BOROUGH OF SUNDERLAND. 
BLECTRIOITY WORKS EXTENSIONS. 


The Corporation are prepared to receive 


enders for— 
Sxcriow A.—The SUPPLY and Bore 
of TWO WATER TUBE BOILERS, 

with Integral Superheaters, Mechani- 

cal Stokers, Vertical Cast-Iron Tube 
ene teel-plate Chi 


es Clerk. 





running order, well 

and may be seen in 

action at the Gueageern Gos Works, Cacdiff. 
Latest date for ee of —— Apel se 


F431 
General ae and ‘ 





APPOINTMENTS OPEN. 
UNIVERSITY OF LIVERPOOL, 
FACULTY OF ENGINEERING. 


A Ssistant Lecturer and 
DEMONSTRATOR in Mechanical i 
neering. The Council INVITE APPLICATIONS 
for this POST. Commaenaes salary = 
annum, plus war bonus. Full particulars ems * 

REGISTRAR. 


UNIVERSITY COLLEGE, NOTTINGHAM. 
DEPARTMENT OF BNGINEERING. 


J unior Lecturer in Mechanical 

gay | WANTED to commence duties 

as early as possible in the Summer Term, 1920, 
Commencing Salary £250 per annum. 

Further particulars and application forms may be 

obtained Pome the REGISTRAR, to whom they 

should be returned not later than April 12th. F583 


SUNDERLAND EDUCATION OOMMITTEE. 
JUNIOR TROHRICAL SCHOOL, 


“1 A soliapied are Invited for 
POSITION of MASTER in the above 
School. Candidates must — ualifications 
and teaching experience in tical Mathematics 
=“ Experimental Mechanics, and some practical 
ence in Engineering. 
lary scale for graduates or those with equivalent 
ualifications, £180, rising by annual increments of 
10 to £220, and then by increments of £15 to £370. 
Experience (including works experience), up to a 
— X. Ba oe will = —_ to Be me bes 
xing the initial salary—e.g., ears’approv: 
cupetes the initial salary would be 2h0. 
Forms of application, with three references or 
testimonials, to be returned to the 
29th March. The date must be stated on w 
applicant could take + A pa: if-elected, 
HERBERT REED. 


Chief Education Officer. 
Education Offices, 
15, John Street, Sunderland. 
9th March, 1920. F 234 
ROYAL AIR FORCE. BOYS’ TRAINING 
CENTRES. 








by 
the 





TEMPORARY APPOINTMENTS ON 
EDUCATIONAL STAFF. 


ae T limited NUMBBR of TEACHERS 


are REQUIRED for duty in the Boys’ 
Training Centres at Halton, near Wendover, Buc 
and at Eweodeen, near Winchester, to 
es gy = some or all of the followin 
Sag. © Mathematics, 
Blectricity. 


Rate of Salary, 2250 to £300, according to ne O 





om 


coment B. ithe SUPPLY and BREOTIO 
of ONB 1000 ROTARY CON. 
TBRTER, 5000 Nain three-phase, to 
550 volta, 'D.O. 
fication and Form of Tender for either 
mmay be had on application tothe General 
MANAGER, goosripen , Dunning Street, 
Sunderland oe pre of a deposit of £1, 
which will be seb bape — @ bona fide Tender has 
been and o 
Tenders, eadoreed < « Wilectrioity Works Exten- 
sions,” and addressed to the sa Bh Sear at the 
Town Hall, Sunderland, to be delivered not later 
than first first post on Wednesday, 28th April, 1920, 
The m do not bind themselves to accept 
the lowest or any 
H. CRAVEN, 


Town Hall, Town Clerk. 
Sunder 
22nd March, 1920. F 556 


MUNICIPALITY OF BLOEMFONTEIN 
(Sourm Arrica), 


APPOINTMENT OF CITY AND ELBOTRICAL 
ENGINEER, 





APE lications are Hereby 


ae for the above POSITION from men 


Cf oeray cad bere SF mage a wide knowledge 
espa oe ~ hye 
Main mee of 
Blectric Power Sta Station and Distribution, 
Drainage, Sewage Dis; » Roads and 
Stormwater, Surveys, ousing and Town 
Seateiee tae — a —— and Co 


Fire 
ment and Town ‘Waluattons _— 


The salary offered is annum, risi 
annual increments of re fo D to dines per annum, Sith | 
free transport. Three years’ agreement; passage 


out paid. 
pees | age, whether married or 


as 





edical certificate of fitness, to be 
Po 9 bg! ie undersigned not later than the 
The successful Sete will be required to devote 
whole of his to the services of this 
Panitoiy. ent and will be required to join the 
nts of ra nS 6 coe, 4 tein. 
Bloemfon 
54, SE Mary Axe, Londeee BO. 5. A 
521 








fications and experience, 

Teachers appointed te these tempo: posts, 
whose work is well reported upon, and who have 
the requisite academic qualifications, will be con- 
sidered Ke "Sees to the permanent staff as 


vacanci: 
A plications givin full Lapeer in regard to 
wr aneetion, traiul and experience, together 
th copies of recent testimonials, should be for- 
warded immediately to the 5 taapeeeetae: (T. a 
Air Ministry, Kingsway, W.C. 2. 


W ated, Flanger, Man 


accustomed to Heavy Marine Boiler work ; 
good wag wages and steady ——— ean be guaran- 
to a suitable man ress, F 481, ces of 
ENGINEERING. 
Wate anted, Capstan Setter-Up 
to Herbert Machines. for Commercial 
Vehicle Santtnotereee in the North.—Address, 


stating previous experience, age and salary required, 
F 513, Offices of Eesumrsarree a 


Wn anted, 1, Cost Clerk, Yo 
, preferably trained in Engi- 
neering Works *Omee Must be experienced in 
modern methods ae keeping cost oan eaegs wages 
and material. @ Dstt , stating 
age, experience - “stati, salary pa F 326, 
Offices of EneIvEEnine. 


Rete Fixer Required for Petrol 


Engine Works, near London. State age, 
experience and wages.—Address, F 582, Offices of 
ENGINEERING. 


Rs Fixer.—A Large Engi-| ty 


neering concern in the Manebester district. 
— an experienced manufacturing BNGI- 
R te organise and control rate fixing 
Sepratenat. Applications only invited from those 
who are conversant with latest manufacturing 
methods of eS and —eeees mcrae 
machining 

















State experience and sa 
F 350, Ufices of Brorenanwe. 





ired, ee 


e 
R qsire for PUBLICITY DEPT., to 
undertake Machine Tool ey | Hops 


lectern ata 


pros con GaN BANA 


Street, B.0.2. F426 


‘Must have good know! 
FP 545 ae cage, General 


he Services of a iP 








Chemist Wante | 


of Meet experi. 


steels ar 
&e., gnoe tn analy of a RUSTON # HORNS:*° 
Lap., Lincoln. ? 546 


hemist. — Assistant, with Ex. x- 
of og of fron, gunmetals » 

em. , FEBQUINED by Works , veer 
eastice-on-Tyne. Age about 21. Startin wage 

3 week Poston, — pects of advasco- 
ment will be treated in 
Brawn, ae karen with fullest par. 

toutes, F 439, Offices of ENGINE: RING. 


G torekeeper Required by ; 


Gold ——s eee = West tt Must 
have thorough know ining and necr- 
ing Stores Term of tN 12 months on tec 

property under agreement. - First-class sareR, 
aa quarters, and allowance for travelling ex 
=, giving full by the Company.—Write, stating 

age. givin ng | full particulars 0; 


experience and 
red, enclosing co of testimonials 
BOX S6lat aan 21, Bush Lane, B.C. 4. 


F 530 


A ssistant Buyer Required. 
One used to —— preferred. 


nginecring 
GINEER- 





A Saistant 











eure! 1 
irements.—Address 





Recorder Wanted for Eng i- 


neering Drawin, oe of Menuteor's ng 
Company in the Mid Applicants must have 
extensive experience on Teen in charge of a moderi 
system for keeping al! Drawing ce records, 

including card indexing of drawings, &c 
Permanent position for suitable man,— —Adadress, 
le, experience, and salary required, F 571, 

Offices o BNGINEERING. 


W orks Superintendent Re- 
QUIRED by the D.P, Ba Co., Ltd,, 
ae. wy ons to JOHN WADDBLI. 
Manager. F 510 


Wanted, Night Shift Machine 


SHOP SUPERINTENDENT for large 
Commercial Vehicle Manufacturers in the North: 
Must be first-class man u to up-to-date methods 
and a knowledge of all classes of machines, oan ory 
stating previous experience, age and salary required, 
F 514, Offices of ENGINEERING. 











oagineers’ Manager Required 
well-known London Company, to take 
complete charge of London end of subsidiary com- 
pany operating in the East. Must have sound 
commercial experience, large engineering know- 
ledge, and also be a capable buyer. xcellent 
prospects for the right man.—Apply by letter. stating 
age, experience and salary required, BOX A.12, 
Smirus Pustiiciry Service, Lrp., 173, Great 
Portland Street, W. 1. F 495 


Works Manager Required by 


Midland Firm. ts must have 
poo knowledge of modern methods, preferably 
in machine tool sienciectuss. State age, experience 
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H.M. BATTLE CRUISER “HOOD.” 


TuHE completion of the new battle cruiser Hood» 
by Messrs. John Brown and Co., Limited, Clydebank, 
marks the close of a period in naval history, and 
this fact remains even although the battle cruiser 
era may not be at an end—as some authorities 
would have us believe. The ship was originally one 
of a group of four, but the Hood was the only one 
to reach completion and become a unit in the Navy 
—the greatest unit in any navy at the time. The 
countermanding of the other three units followed 
the definite defeat of the German armies, which 
were only saved from annihilation by the anxiety 
of their military chiefs to accept any terms of 
armistice rather than face the discredit of a capitu- 


prepare a portion of the detail plans required. This 
arrangement for the subdivision of the work had to 
be modified when progress on the other three ships 
was first slowed down and then finally stopped. 
Messrs. John Brown and Co. were fortunate in 
having a building berth available for this immense 
ship and, further, in having the berth equipped 
with all the latest appliances for the rapid handling 
of the very heavy material as it became available 
for erection in place. These favourable conditions 
notwithstanding, the first keel plate was not laid 
until September, 1916. 

The work of manufacturing the armour plating 
was divided amongst different armament firms, 
but the major portion of the heavy belt plates 





(weighing about 32 tons each), together with the 
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lation which they realised must be the inevitable 
results of a few weeks longer warfare. Once a safe 
peace was assured the Government stopped work 
on many formidable engines of war, the character 
of some of which will perhaps never be disclosed. 
Amongst the warships countermanded were the 
remaining cruisers of the “‘ Hood ” Class. 

The construction of the Hood was begun at a time 
when the builder’s yard was already employed to its 
utmost capacity in the building of all types of 
fighting ships, from the “E” Class submarines to 
the then largest battle cruiser, and the difficulties 
surrounding the initial design of a ship differing in 
many respects from anything hitherto built were 
overcome by the untiring-efforts of the Director of 
Naval Construction and the Engineer-in-Chief and 
their steffs, supplemented by the great knowledge 
and experience of the Clydebank shipyard directors 
and their staffs. The task of building the ship was 
commenced in April, 1916, when the builders were 
furnished with sketches of the preliminary design 
supplying sufficient data to make possible the 
preparation of a-definite scheme for the execution 
of the work. At this time, however, it was intended 
that each of the four firms building the ships should 
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conning-tower and other important items, was 
entrusted to Messrs. Brown, whose Sheffield 
establishment is so admirably adapted for such 
work, and the first of the main belt plates reached 
the shipyard in June, 1918. 

The operation of launching the ship, itself a 
herculean task, was carried through without the 
slightest semblance of a hitch on Thursday, 
August 22, 1918, the launching ceremony being 
performed by the Hon. Lady Hood, widow of 
Rear-Admiral the Hon. Horace L. A. Hood, C.B., 
M.V.O., D.S.0. A view of the vessel as she took 
the water is reproduced in Fig. 1, and shows clearly 
some peculiarities in her structure to which we will 
refer later on. Another view of the launch is 
1eproduced in Fig. 12, on Plate XXTV, whilst Fig. 10, 
on the same Plate, shows the stern of the vessel 
as she stood on the ways ready for launching. 

The fitting out of the vessel at the builder’s works 
was completed in January of this year, and on the 
9th of that, month the huge ship, representing the 
collaboration of many master minds in ship design, 
ship construction and offensive and. defensive 
armament, passed down the Clyde to the open sea, 
preparatory to her 


cleaning and steam trials. A view taken during this 
run is reproduced in Fig. 3, on Plate XXI, whilst 
Fig. 4 represents her being guided out of the dock 
with the aid of tugs. On the trial trips the turbines 
developed 157,000 S.H.P., the speed attained being 
32 knots. 

In many features the ship heralds a new departure, 

and radical changes have been effected with a view 
to increasing her efficiency as a fighting unit. 
The most obvious difference in her structure as 
compared with existing battle cruisers lies in the 
“bulge” or “blister,” which secures the ship 
against effective attack by a torpedo. This bulge 
is well shown in Fig.-1, and also in Fig. 10, on 
Plate XXIV. The blister surrounds the main hull of 
the ship, and has been carefully proportioned so as 
to reduce to a minimum the additional resistance 
added to the hull. The design is due to Sir Eustace 
| d’Eyncourt, K.C.B., Director of Naval Construction, 
| with modifications suggested by the late Professor 
| Hopkinson. Much thought has been brought to 
bear on the design of the details of this blister with 
|@ view to rendering the ship as near torpedo proof 
jas possible. As an example, we may note that the 
| subdivisiona] bulkheads have been so arranged that 
| the energy of an external explosion is absorbed at the 
| spot, thus preventing the piercing of the main hull 
| should the outer hull be blown in by the explosion. 
| The armour has been disposed so as to provide 
|the greatest possible protection against shell fire 
to the vitals of the ship. As an instance, it may 
| be mentioned that the deck over the magazines is 
|3in. thick. The side armour is fitted in three tiers, 
ithe lowest of which is 12 in. thick amidships, 
| tapering to 6 in. and 5 in. forward and aft. Above 
| the main 12-in. belt the middle and upper tiers are 
| respectively 7 in. and 5 in. thick, whilst the conning- 
| tower armour is 11] in. in thickness. 

The main armament of the ship consists of eight 
15-in. guns, all on the middle line. Each pair of 
|guns is mounted in an armoured barbette. The 
| disposition of the forward guns is clearly shown in 
| Fig. 4, whilst the operation of shipping one of the 
| 15-in. guns is represented in Fig. 2, page 398. The 
|barbette armour is 12 in. thick, and the gun 
| Shields are 15 in. thick in front and 11 in. thick at 
|the sides. The secondary armament consists of 
| twelve 5-5-in. guns, five of which are mounted on 
each side of the vessel on the forecastle deck, the 
remaining two being mounted on the top of the 
superstructure. All these 5-5-in. guns are protected 
by gun-shields forming an integral part of the 
mounting. In additién there are four 4-in, anti- 
aircraft guns, also mounted on the superstructure. 
The 21-in. torpedo armament consists of two sub- 
merged tubes forward and four above water tubes 
placed on the upper deck abaft amidships. 

The electric installation presents no very radical 
departures from previous Admiralty practice, but 
is interesting from the point of view ot its magnitude, 
the usual number of electric generators in: lled 
in previous ships of this type having been ine sed 
to eight. An unusual feature of these generavors is 
that they can supply either direct or alternating 
current as desired. The are all alike, 
but the prime movers vary, four being reciprocating 
engines, two geared high-speed impulse turbines, 
jand the remaining two are eight-cylinder Diesel 
oil engines. One of the features of the electric 
installation is the use made of motor-driven pumps 
of the submersible pattern, Two sizes have been 
fitted of respectively 350 tons and 100 tons capacity. 
These differ from previous electric pumping plants 
in that the motors are not only immune from 
damage through contact with water, but are 
actually dependent for cool running upon a free 
circulation of water through the motor, which is of 
the alternating-current type. Electric power, so far 
as it concerns its application to centrifugal bilge 
and fresh water pumps, ventilating fans, refrigerating 
and magazine-cooling machinery, searchlights, 
boiler-room lifts, ammunition hoists, motor genera- 
tors, pneumatic transmission of messages, follows 
the usual Admiralty practice. Altogether about 
360 motors, ranging from the } brake horse-power 
motor for the small ventilating fans, to the 140 brake 
horse-power motors required for operating boat 
hoists, are fitted. 











being dry-docked for hull! 


The means of communication 


supplied are 
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unusually complete, and all possible improvements | Fig. 11, Plate XXIV, which shows the placing in|so that, as far as the navigation of the ship is 
resulting from experience gained in actual service | position of the propeller shaft brackets, each | concerned, the vessel is equivalent to a twin-screw 
during the war have been embodied in the apparatus | weighing 35 tons, and by Fig. 9, which shows the | steamer. 

installed, including a very large number of loud-| completed stern of the ship just before the launch. 


speaking telephones which have been provided for | 


The propelling machinery comprises four distinct 


Each high-pressure ahead turbine rotor consists 


of 10 wheels, of which the first and second are 


all purposes. It may be interesting to mention that | sets, each driving one shaft, arranged in three engine | velocity compounded having two rows of blades 
nearly 3,000 incandescent electric lamps have been | rooms, the starboard outer engine and the port each, and the remainder are simple impulse wheels. 
installed, in addition to .a very large number of | outer engine being in the forwerd engine-room, the |Each low-pressure ahead turbine rotor consists 
electric fires and culinary apparatus, all of which, | port inner engine in the middle engine room and the | of eight wheels, of the-simple impulse type. A view 
though individually requiring a relatively small | starboard inner engine in the aftermost engine-room. |of one of these low-pressure rotors is given in 
amount of power, represent in the aggregate a very |The turbines are of the Brown-Curtis type, and | Fig. 15, page 414. Each cruising turbine rotor has 
large amount of the circuit wiring. 


Hydraulic speed-varying gearing has been em-/turbines driving the propeller shafting through | blades on the first wheel and two rows on each of 


each set of machinery consists of compound ahead | 


four velocity compounded wheels with three rows of 
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ployed to an unusually large extent for the operation 
of boat hoists, deck winches, warping capstans, and 
for the auxiliary steering gear. Altogether 11 motors 
are employed in driving machinery of this type, 
the special features of which are simplicity of control 
and a large range of speed variation and torque. 

The accommodation provided for the Admiral and 
officers is of the usual style, and whil there is nothing 
in the way of extravagance the great size of the ship 
has made possible an improvement of the cabins, 
ward-room and gun-room. The welfare of the men 
has been studied with great care, with the result that 
the living quarters of the Hood are unparalleled in 
any warship for comfort, spaciousness and equip- 
ment. The equipment of bath rooms, wash-places, 
&o., is of the most modern type. The galley and 
bakery are fired by oil fuel and coal is only required 
for the stoves in the officers’ quarters. 

An idea of the magnitude of the work involved in 
the construction of the vessel is conveyed by 
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single reduction gearing. For use at cruising speeds 
& cruising turbine of the Brown-Curtis type is 
provided. This has a separate casing and can at 
will be connected to, or disconnected from, the 
main high-pressure turbine shaft, suitable clutches 
being provided to this end. At cruising speed this 
turbine is operated in series with the high-pressure 
and low-pressure turbines of the set. A reverse 
turbine is fitted within the low-pressure casing and 
rotates in vacuum when the ship is running ahead, 
Each of the four sets of machinery is complete 
in itself with its own condenser and auxiliaries, and 
can be used independently. One set is shown com- 
plete in Fig. 5, Plate XXII, and Fig, 7, Plate XXIII. 
The engine-room telegraphs, worked from the 
conning-tower, are arranged so that the starboard 
telegraph in the conning-tower actuates the two 
telegraphs on the starboard side, in connection with 
the starboard outer engine and the starboard inner 
engine, and similarly on the port ide of the ship, 
















the others. The astern turbine for each shaft is 
incorporated in the low-pressure ahead turbine 
casing, as shown to the left in Fig. 5, Plate XXII, 
and consists of two velocity compounded wheels, 
each carrying three rows of blades. 

The turbine casings are of cast-iron with the 
nozzle control valve seatings cast in the body. 
The rotor spindles are of forged steel, having 
tensile strength of 34 tons to 38 tons per square inch. 
The wheels are of forged steel, of similar quality, 
and phosphor bronze has been used for the blades, 
which are of the usual impulse type. The blades 
have dovetailed roots, and the tips of the blades are 
supported by phosphor-bronze shrouding. The 
diaphragms are of cast-iron, with the nozzle blades 
of nickel steel (about 3} per cent. nickel) cast in; 
an illustration is given in Fig. 16, page 414, 
which represents the seventh diaphragm of one of 
the low-pressure turbines. The diaphragms in the 
cruising ‘turbines and the first diaphragm in the 
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high-pressure turbines are solid, the remainder of 
the diaphragms in the high-pressure turbine, and 
those in the low-pressure turbines, being split. The 
spindle is made steamtight where it passes through 
the diaphragms by segmental serrated brass rings, 
kept up to their work by garter copper-coated steel 
springs in the cruising and the first diaphragm of the 
high-pressure turbines, and by sheradised coach 
springs in the other diaphragms of the high-pressure 
and in the low-pressure turbines. The glands are 
packed, as is usual in Brown-Curtis turbines, with 
carbon rings made in segments and held in position 
by springs. The high-pressure ahead forward end 
gland has eight carbon rings, the after end five, the 
low-pressure ahead four rings and the astern turbine 
four rings. The cruising turbine is fitted with five 
rings in each of the glands. 

The condenser for each set is hung beneath the 
low-pressure turbine and has a total condensing 
surface of 24,400 sq. ft. The tubes are § in. in 
external diameter, 0-048 in. thick and 12 ft. 3} in. 
long between tube plates. The total number of 
tubes per condenser is 12,144. The condensers are 
of the Weir’s Uniflex type with shells of steel plates 
and angles, the steam entering direct from the low- 
pressure turbine and flowing through the condenser, 
while the circulating water passes through the lower 
tubes. first and then the upper tubes. The con- 
densers are designed to give a vacuum of 28 in. 
with sea water of 55 deg. F. and a barometer at 
30 in. rf 

Fig. 15, page 414, shows the bottom portion of a 
low-pressure casing with the rotor in place and the 
condenser slung fromit.. Each of the sets was tested 
thus, in order to make sure that when the machi 
was in the ship and it was desired to lift the low- 
pressure cover to examine the rotor or for any other 
purpose, there would be no difficulty in re-entering 
the bolts of the longitudinal flange when the whole 
of the weight of the condenser was taken entirely 
by the lower half-casing. No trouble whatever was 
experienced in this connection during these tests. 
The weight of a condenser with the tubes filled with 
circulating water is about 70 tons; 

The engines are designed to develop a total horse- 
power of 144,000, with about 210 revolutions of the 
propeller and about 210 Ib. pressure in the control 
chest, with 28-in. vacuum in the condensers. The 
high-pressure turbine makes 1,500 r.p.m. at full 
power and the low-pressure turbine 1,100 r.p.m. 
As already stated, single reduction gearing is 
employed to reduce the revolutions of the turbine 
shaft to that of the propeller shafting. The pinion 
driven by the high-pressure turbine is 20-174 in. 
in diameter at the piteh centre, whilst that driven 
by the low-pressure turbine is 27-5] in. in diameter. 
The gear wheel has a pitch circle diameter of 
practically 144 in. These wheels are of the 
“built ” type, and one is shown in Fig. 14, page 
414, whilst on the balancing ways. 
weighs about 46 tons. There are 392 teeth in the 
wheel, 55 on the high-pressure pinion and 75 on the 
low-pressure pinion. Hence, the ratio of reduction 
is 7-127 for the high-pressure pinion and 5-226 
for the low-pressure pinion. The hobbing of one of 
these pinions is represented in Fig. 6, Plate XXII. 

The thrust blocks on the rotor spindles, which 
also act as adjusting blocks for the rotors, are of 
the Michell type, as are also the thrust blocks 
on the propeller shafting. These latter measure 
4 ft. 6 in. outside diameter of collar, with thickness 
of collar of 74 in. This single collar takes the 
whole thrust on the shaft. - The white metal surface 
of each thrust block amounts to 1,176 sq. in., both 
ahead and astern, giving a pressure on the thrust 
surface of about 200 1b. at full power ahead. One of 
these blocks is shown in Fig. 8, Plate XXIII, stand- 
ing behind a completed block for a torpedo-boat 
destroyer. By the side of the completed block are 
shown two of the pad carriers, as well as 2 number 
of parts for similar thrust blocks. Fig. 13, page 414, 
illustrates one of these blocks with the cover re- 
moved showing some of the pads in position. The 
thrust shaft is 24 in. diameter, the intermediate 
shafting 24 in. diameter and the propeller shafting 
28} in. in diameter. 

The propellers are of the solid type and are made 
of manganese bronze; they turn outwards when 
driving the ship ahead. 


The main steam pipes are arranged in two runs 
along each side of the ship in the boiler rooms, one 
boiler room.,, They are of 19.in. 


manoeuvring gears in each of the forward engines, 
and also a 19-in. branch to the middle engine-room 
and a 19-in. branch to the after engine-room. 
Between the steam pipe and the regulating valve 
on each engine is fitted a separator. 

Each set of main engines is provided with two 
main circulating pumps, the engines being of the 
enclosed forced lubrication type, and each pump 
having a 30-in, suction with a 31} in. diameter 
impeller ; two dual air pumps, the steam cylinder 
being 20 in. diameter by 20 in, stroke, the wet 
pump 36 in. diameter by 20 in., and the dry pump 
38 in, diameter. by 24 in; stroke; two grease 
extractors of the gravitation type, a direct contact 
feed-water heater, two forced lubrication pumps 
and one, water service pump. There is, moreover, 
in each of the middle and after engine rooms an 
auxiliary condenser of 5,330 sq. ft. of condensing 
| surface, with 5,390 tubes. In connection with 
| these are two auxiliary circulating pumps of 18 in. 
| suction and discharge and 27 in. diameter impeller, 
|and two auxiliary air pumps. For the plummer 
| blocks, a forced lubrication pump is fitted in the 
aft engine-room, together with a water service 
|pump. There are also, in the engine rooms, six 
= and bilge pumps, four oil-fuel tank pumps, 

a 
| water eri ° 

| The distilling machinery is situated in the middle 
|and after engine-room. In each engine-room is a 
set “A” and a set “B.” Each set “A” consists 
_ of two 80-ton eva and one distiller, and can 
be used for supplying water for the ship’s use or 
| make-up feed water for the boilers. Set “B” 
| consists of one 80-ton evaporator with a vapour pipe 
| connected only to the auxiliary condenser in the 
| engine-room in which it is situated, so that it is 
| used entirely for boiler make-up feed. 

| The steering engines are situated in the after 
engine-room and are twoin number, Each consists 
of three cylinders, with direct-acting engines 
{17 in. diameter by 14 in. stroke, worked by a 
_ hydraulic, telemotor.. In the middle engine-room 
‘a reciprocating electric generating set is installed, 
the engines having cylinders 14} in. and 24 in, in 
| diameter by 9 in. stroke, coupled to one, 200-kw. 
‘generator. A similar set is situated in the after 
engine-room. 

| Steam is supplied by 24 Yarrow-type small-tube 
boilers, burning oil fuel, situated in four compart- 
ments, each having six boilers. The working 





whee} Pressure is 235 lb. per square inch, and the heating 


\surface per boiler 7,290 sq. ft. There are two 
funnels, each serving two boiler rooms. Each of 
these measures 24 ft. 6 in. by 18 ft., with an outer 
| casing at a distance of 6 in. from the funnel proper. 
|The di from the lower burners on the front 
|of the boilers to the funnel top is about 100 ft. 
There are 16 oil-fuel pressure pumps, four in each 
‘oiler room; these are all 12-ton pumps except 
two in the foremost boiler room, which are 24-ton 
pumps and are used for transferring oil fuel as 
well as for feeding the fires. 

Each boiler room is fitted with six fans and 
engines. The fans have 90-in. impellers, and engines 
have cylinders 9 in. in diameter by 7 in. stroke. 
They are of the enclosed forced-lubrication type. 
The Weir’s feed pumps have 15-in. and 10}-in. 
cylinders by 22 in. stroke, all of the same design. 
Six of these are fitted in each boiler room, four to 
act as main feed pumps and two as auxiliaries. 





THE ENSTITUTE OF METALS. 
(Concluded from page 372.) 
Tre Removat or lyigRnat Stress uv 70: 30 
Brass By Low TEMPERATURE ANNEALING, 


THE second paper taken on the morning of 
Friday, the 12th inst., was on ‘“‘ The Removal of 
Internal Stress in 70:30 Brass by Low Te 





mpera- 
ture Annealing,” by H. Moore, O.B.E., B.Se., 


service air compressor and four fresh | ing 
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nts, 
but the hardnesses not exceeding 120 were not . 
reduced at temperatures up to 300 deg. C. Strips of 
initial hardness of 165 began to soften slightly in 
2 hours at 275 deg. C., or 20 minutes at 300 deg. C. 
The hardness of fully annealed 70:30 brass was 


this paper on page 393 ante. 
Dr. Rosenhain, who spoke first, said the paper 
was not one which lent itself much to discussion. 


having been removed, but the point had to be 

He asked whether they had taken a strip, 
had stressed it, and had it with mercurous 
nitrate, Information as to this would form « 
valuable addition to their facts. 

Dr. Hatfield said he had read the with great 
interest ; he entirely with author’s find- 
ings, and also with Dr. Resenhain’s remarks as to 
‘‘ the samples being free from internal stresses.”” The 
authors had, however, intimated that these were 


work and pointed out the variations 

in the metal by heat treatment, whereby he con- 
firmed the authors’ findings. He also gave the 
following figures of tensile strength and elongation 
on specimens pulled rapidly, at a medium speed and 
at a slow speed, using steel, brass thoroughly an- 
nealed and duralumin :— 











_ Rapid. Medium. Blow. 
% % % 
Steel .. .,| 8” 26" &84| 2 26-267 & 28/1 hour 26° & 88 
Brass .. ../15” 19°4 & 641601981 & 67|2 hours 20°9 & 63 
Duralumin ..| 6” 28°65 & 14) 72” 2901 @14/84 28°68 & 14 








Admiral Goodwin understood that there was a 
possibility of removing the internal stress from 
these alloys without reducing their hardness. Admir- 
alty condenser tubes before they were put in the 
condensers were under stress, interesting results 
would be obtained by tests made of the tube packed, 
treated, and packed 

Mr. Moore, in the course of a brief reply, agreed 
with Dr. Rosenhain, that the paper was not one 
which lent itself much to discussion. With regard 
to the term “time cracking,” he asked 
that a better term be proposed, he was not 
quite sure that time was a real factor'to come into 
play. He was afraid the paper was, on the other 
hand, one which lent itself to criticism, and when it 
stated the complete removal of stress, there was, 
perhaps, some small stress left in the material. 
But the authors had removed, they thought, the 
stress which led to season cracking. They hoped 
to deal later with the behaviour of the strip referred 
to by Dr. Rosenhain. The agreement of Dr. Had- 
field’s results with those in the paper was satisfactory. 
The authors had steered clear of the 
theory and had confined themselves to 

With reference to Admiral Goodwin's 


figures. 
| remarks they thought it would be possibie to remove 
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the bad stresses from condenser tubes on the lines 
he had suggested. 


A Mops. ror REPRESENTING THE CONSTITUTION 
or Ternary ALLoys. 


The third paper taken was one on “ A Model for 
Representing the Constitution of Ternary Alloys,” 
by Dr. Rosenhain, who read it in abstract and 
exhibited the model. 7 

It describes a form of model by means of which 
the thermal-equilibria of a system of alloys, contain- 
ing three metals, can be represented. The use of 
models for this purpose is well-known, but the 
majority of models hitherto constructed have con- 
sisted of solid pieces or blocks, shaped in accordance 
with the data obtained by observation, and fitted 
together to form a complete model. With this 
form a comprehensive view of all the various sur- 
faces and boundaries cannot be obtained, since the 
inner surfaces cannot be seen through the bulk of 

- the solid model. In the model described in the 
paper no solid blocks are used, but a construction of 
wires is adopted. The lines, curved or straight, 
along which the various equilibrium surfaces met 
one another are first set out by means of relatively 
stout wires. The surfaces themselves are then 
indicated by a net-work of finer wires, which, while 
indicating the shape and position of each surface, 
yet allow all the other surfaces, both below and 
above, to be seen at the same time. Distinction 
between the various surfaces is facilitated by the 
use of colour, each colour used being correlated to 
one of the phases which occur in the alloys. The 
model thus allows of a comprehensive view of the 
whole of the equilibrium conditions, and affords an 
insight into the constitution and behaviour of the 
alloys, which is not so readily obtained in any other 


way. 

Mr. J. L. Haughton said Dr. Rosenhain had 
pointed out one use of the model. He (the speaker) 
thought it was not only very serviceable as an 
illustration when completed, but in the course of 
making it, it allowed one to see what progress had 
been attained. That also could be better realised 
from the mode] than by a section drawn on paper. 
He (the speaker) asked whether it would not be 
possible to have a model on the same lines to 
represent the mechanical properties of series of 
alloys, the various tensile strength, 
elongation, &c., being as different sets of planes, 
and to obtain the correlation between the maximum 
strength, the elongation, ete., and the constitution 
of the alloys. Such models gave a much clearer con- 
ception of alloys than other means of illustration. 

Professor Edwards. thought the Institute owed 
their thanks to Dr. Rosenhain, even if he only 
induced those having a practical turn of mind 
to use the means eit ae before them to study 
from the practical side problems of metallurgy. 
The ternary systems will have to receive more con- 
sideration in future than they have yet received. 
By means of the simple method of the model it 
was possible to demonstrate clearly and simply 
exactly at what temperature and condition any 
change took place on cooling down, One could 
see that on looking through the wires. He (the 
speaker) did not suppose Dr. Rosenhain laid any 
special claim to originality in the matter, since ten 
years ago Dr. Andrews used a similar method for 
demonstration at Manchester University. The 
representations by models would be found of great 
advantage by all members. 

Dr, Rosenbain in reply, ‘and referring to Mr. 
Haughton’s remarks, said that models could be 
made to represent any properties. He was not 
aware that models of wire had already been made 
for representing the constitution of ternary alloys. 

Zuxc ALLoys wrra ALummromM anp CopPER. 

The fourth paper was the cne on “ Zine Alloys 
with Aluminium and Copper,” by Dr. Rosenhain, 
Mr. J. L. Haughton, M.Se., and Miss K. E. Bingham, 
B.8e., which was read in abstract by the latter. 
The paper describes the constitution and mechanical 
propertiés of alloys of zinc containing copper up 
to 10 per cent. and aluminium up to 15 per cent. 
The constitution’ may be briefly summarised by 
saying that there is a ternary eutectic containing 
4 per cent. of copper and 7 per cent. of aluminium, 
and two binary complexes, one the depressed 





eutectic of the aluminium zine alloys, and the 
other formed from one constituent of the aluminium 
zinc and one of the copper zine series. The ternary 
eutectic does not extend much beyond the alloys 
investigated. The rolling properties of the 
have been studied, and it has been fourid that the 
addition of 1 per cent. of copper improves both the 
hot and cold rolling properties of zinc to a very 
marked extent. With the addition of more copper 
or aluminium, the cold rolling properties fall off 
rapidly. All the alloys are capable of hot rolling, 
but those containing much copper and aluminium 
become very brittle on cooling. The mechanical 
properties of the alloys are somewhat complex. 
The rolled material has, in many cases, a very high 
elongation if tested soon after being rolled, but in 
the course of a few months this falls to quite a low 
value; in one case from 70 per cent. on 2 ins. 
shortly after rolling to 1 per cent. after one year. 
Annealing at a temperature as low as 100 deg. C. 
has a similar effect, although heat treatment has 
no influence on cast specimens. The rate of loading 
in the tensile test has also a very marked effect ; 
with rapid loading the maximum stress is very high 
and the elongation very low, whereas under very 
slow loading this is reversed. These observations 
can be explained on the assumption of the existence 
in the alloy of a considerable amount of amorphous 
material, produced by rolling. Other experiments 
confirming this hypothesis are described. For 
castings of such a nature that the small shrinkage, 
which occurs on ageing in most of the cast alloys, 
would not be deleterious, an alloy containing 3 per 
cent. of copper and 6 per cent. to 15 per cent. of 
aluminium is recommended. For rolled material, 
zinc containing 1 per cent. of copper appears to be 
very promising. . 
Dr. Rosenhain also added a few remarks, stating 
that the amorphous theory offered a satisfactory 
explanation and covered all the phenomena of the 
case. A graph in the paper showed in the return 
flow of the metal a close similarity with pitch and 


The discussion, which we need report only briefly, 
was opened by Dr. Hatfield, who congratulated 
the National Physical Laboratory for having 
carried out an excellent piece of constructive work. 
This work required doing and it could not be better 
done than by the N.P.L. But he refuted the 
authors’ statements in the paper as to the phe- 
nomena referred to being explainable by means 
of the amorphous theory. He also found that their 
comparison with the action of glass and pitch was 
a loose one. As an alternative, the authors had 
the resources offered by metallography, and had no 
need whatever to have recourse to the amorphous 
theory for explaining the behaviour of the alloys 
they had dealt with. 

Professor Turner called attention to the close 
analogy between the alloys in question and iron 
carbide. 

Dr. Rosenhain confirmed the importance of the 
amorphous theory as the one to explain the phe- 
nomena alluded to, and maintained that the be- 
havious of pitch and glass could be stated in com- 
parison. 

Tox-Paosraorvs ALLoys. 


The last paper taken on Friday morning dealt 
with ‘Tin-Phosphorus Alloys,” by Mr. A. C. 
Vivian, B.A., A.R.S.M., A.L.M.M., who read it in 
abstract. This was a detailed technical paper in 
which the author explained how he had prepared the 
alloys and prepared the specimens, he also explained 
their behaviour, and gave other characteristics. 

Mr. J. L. Haughton congratulated the author 
for the interesting and complete way in which he 
had treated a difficult subject. 

Admiral Goodwin invited further criticism on 
the paper by correspondence. 

The first paper taken on the members re- 
assembling on the afternoon of Friday, the 12th 
inst., was the one contributed by W. C. Hothersall, 
M.Sc., and E. L. Rhead, M.Sc., F.1.C., on 


Some Norges on THE Errecrs or HyproGcEN on 
CoPpPER. 

It was read in abstract by Mr. Rhead. We 

reproduced it on page 391 of our kst issue. 

The paper had relation to experiments on the 


effects produced on copper by passing hydrogen 
through the molten metal of differing degrees of 
purity varying from electrolytic copper to copper 
containing up to 0-4 per cent. arsenic and 0-4 per 
cent. sulphur. The authors found that while sound 
castings cannot be obtained from copper melted 
under carbon and not otherwise treated, sound 
castings can be obtained from metal treated with 
hydrogen at or above 1,110 deg. C., which has been 
allowed to solidify in the crucible after treatment 
and re-melted. Such copper retained much hydro- 
gen. Analysis showed that the atomic amount of 
hydrogen retained was actually greater than that of 
other impurities, the efiects ot which were generally 
recognised. Micrographs of the treated metal 
showed that the effect of the hydrogen was to cause 
the sulphide and arsenide contents to be com- 
pletely segregated in the envelopes surrounding 
the granules of copper, thus accounting for the 
increased electrical resistance which they found 
in hydrogenised copper. 

The discussion was opened by Mr. J. Dewrance, 
who complimented the authors on the very inter- 
esting features they had pointed out in the refining 
of copper. He hoped they would pursue their 
investigations and give still further results. The 
passing of hydrogen through copper was a laboratory 
experiment and not a practical every-day process. 
He (the speaker) had passed hydrogen through 
copper to reduce the oxygen content, and he would 
have liked the authors to give the effect of hydrogen 
upon the content of oxygen, for some results 
obtained by them in regard to purity may have 
been due to the removal of oxygen. Small per- 
centages of phosphorus had also a marked effect, 
and the effect’ of phosphoric acid was practically 
the same as that of hydrogen. He (the speaker) 
added that he would be very glad to use the in- 
fluence he had with smelters of copper to aid in 
the carrying out of trials on the lines suggested by 
the paper. The inclusion of gases in copper was 
a subject which required more research and he again 
expressed the hope that the authors would continue 
their work. 

Mr. F. Johnson said there appeared to be no 
determination for oxygen in the paper, and that 
was one of the most important things to do. In 
re-melting there seemed to have been every chance 
for the oxygen to be absorbed; on considering 
the authors two micro-sections in Fig. 7 and Fig. 8 
(see page 392 ante) the former not treated and the 
latter treated by hydrogen, and probably re-melted, 
there seemed to have been oxygen absorbed. He 
thought the authors should have, also, made a dif- 
ferentiation between cuprous oxide and cuprous 
sulphide. 

Mr. Bhead in replying, and with regard to the 
absence of determination of oxygen, said that in al) 
coppers not remelted that determination was un- 
necessary because of the treatment with hydrogen. 
With reference to the segregation of the sulphide 
globules in the outer envelope, he had no hesitation 
in saying that they were sulphide and were forced 
to the outside envelopes. The effect of phosphorus 
was to prevent oxidation. With the use of hydrogen 
the gas in the metal was eliminated during 
solidification. 

Tue Ervecr or Proeresstrve Comp Drawine 
upon Some Prysicat Properties oF COoMMER- 
CIALLY PuRE COPPER. 

The second paper taken dealt with “The Effect 
of Progressive Cold Drawing upon Some Physical 
Properties of Commercially Pure Copper,” by W. E. 
Alkins, M.Sc., who read it in abstract. Its object 
was to give a detailed account of the effect of pro- 
gressive cold work upon the tensile strength, specific 
gravity, elongation and scleroscope hardness of 
copper of the highest degree of purity commercially 
attainable, as drawn down into wire in the usual 
manner. It was found that each of these properties 
varied in an analogous fashion as the reduction in 
area increased ; the tensile strength and scleroscope 
hardness increased, the specific gravity and elonga- 
tion diminished, with increasing amounts of cold 
work. In every case the curve showing the varia- 
tion in any given property with increasing reduction 
in area consisted of two branches connected by & 
short intermediate portion over which the change 
' became very small over a limited range of reduction. 
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With heavy instead of light drafting the break in 
the curves occurred at approximately the same 
percentage reduction in area, but when the metal 
was thoroughly annealed previously to the drawing 
the break set in at a somewhat earlier stage and at a 
lower tensile strength. The agreement between the 
tensile strength and the elongation, and between 
the specific volume and the scleroscope hardness, 
was throughout very striking. No attempt was 
made at giving a theoretical interpretation of the 
results obtained. The paper concluded with a 
brief reference to several points of interest which had 
arisen during the progress of the work and to 
methods for the more strictly quantitative investiga- 
tion of the whole problem. 

This paper was taken in conjunction with one on 


Tue INFLUENCE oF CoLp ROLLING ON THE 
PHYSICAL PROPERTIES OF COPPER, 

by F. Johnson, M.Sc., who also read it in abstract. 
This dealt with a further investigation of the changes 
in properties resulting from the uninterrupted cold- 
rolling of electrolytic wire-bar copper, commencing 
with a thickness of 1-5in., and finishing with a thick- 
ness of 0-033 in., the number of passes being 17. 
The changes in tenacity, elongation, Shore and 
Brinell hardness, lateral spread and specific gravity 
were determined. By plotting these figures against 
percentage reduction of thickness it was found that 
there were at least two well-marked critical ranges of 
deformation over which the tenacity, elongation 
and hardness remained constant, whilst the width 
of the strips also remained constant, no lateral spread 
being noticeable. There were marked indications 
of other critical ranges; also a few determinations 
of the elastic limits (or limits of proportionality) 
were made, and they indicated a marked rise over 
the critical ranges. The specific gravity deter- 
minations yielded no collateral evidence of the 
existence of the critical ranges, but concordant 
results were rarely obtained. By taking the tests 
always from the centre of the rolled strips more 
regularity was obtainable, and an increase was 
observable which was steadily maintained up to 
87 per cent. reduction. The author drew attention 
to the inequality of distribution of strains in the 
rolled strips, both laterally, vertically and longitudi- 
nally. Test pieces taken from the centre always 
yielded the highest results for hardness and tenacity. 
Suggestions were made with a view to obviating 
experimental difficulties in future work. Micro- 
graphs of the series showed a progressive flattening 
and thinning of the crystal grains until a typically 
laminated structure was obtained in which the 
grains appeared as parallel laminae. Space was 
given to theoretical considerations, and the author 
suggested that the crystal grains were forced by the 
rolling process into a homotropic arrangement in 
which slip could occur more smoothly and readily 
under tensional forces over the critical ranges than 
at other stages of deformation where tensional and 
compressional forces were both in action more or 
less equally. . 

Mr. Alkins said he had read Mr. Johnson’s contri- 
bution with great interest, his micrographs forming 
an important part of his work. Cold rolling 
appeared to be irregular in comparison with cold 
drawing, and, therefore, a certain latitude had to be 
allowed for in the results. In regard to specific 
gravity determinations, he (the speaker) emphasised 
the accuracy with which they had to be carried out ; 
the accuracy was comparable with that required of 
atomic weight determinations, and he could not 
make more than six specific gravity determinations 
in four hours. 

Mr. Johnson stated he would reply in detail to 
Mr. Alkins’ paper after he had read it over. Mr. 
Alkins, dealing with the term “‘ complete annealing,” 
attempted to give a definition for it, and said that 
copper wires may be said to be completely annealed 
in respect to tensile strength when the tensile 
strength is no longer diminished by prolonging the 
time of heating at constant temperature, and the 
definition might be varied by the substitution of 
any physical property for the tensile strength. 

(the speaker) thought one might conform with that 
definition and over-anneal. Mr. Alkins had also stated 
that the wires were drawn and not forced through 
the dies; but he (the speaker) would suggest that 
they were forced through the dies nevertheless, 





and thought the author was perhaps obsessed by 
the extrusion process. Although the wire was 
not pushed through it was forced through, and 
the author would have to elaborate the point. 

Mr. F. Tomlinson thought that in reading the 
two papers before the meeting the former papers 
by the authors should also be taken into considera- 
tion. Mr. Alkins had said there could be little doubt 
that the paramount necessity of the moment was 
for further data rather than for an explanation 
of the few facts so far established, which were far 
too scanty to allow of the founding upon them of 
any theoretical considerations. He (the speaker) 
agreed that the field was a large one, and he hoped 
Mr. Alkins would continue his work; it would take 
him a long time. It would, however, be helpful if 
we could have a proper explanation of the particular 
phenomenon caused by the various treatments. 
It would, further, be an advantage if there were more 
co-operation among the workers, also, he might add 
(alluding to the different views held in regard to 
the amorphous theory), between the gentlemen 
who approached those problems from the purely 
scientific side. 

Professor Edwards, referring to Mr. Johnson's 
curves said the breaks pointed out in them were 
what one would expect ; they indicated that in the 
process of rolling, the work at some given time 
was more on the outside than on the inside of the bar, 
Professor Edwards also referred to the amorphous 
theory and said the more he thought about the 
matter the more he felt that we should have to 
modify our views of that theory; he asked Dr. 
Rosenhain and others to bring the point under 
critical survey. Cold work might introduce the 
amorphous phase. 

Professor Turner sympathised with Mr. Alkins 
in regard to the difficulty of taking specific gravities ; 
he had to deal with very small weights and great 
care had to be exercised. 

Mr. O. W. Ellis thought Mr. Alkins’ method of 
plotting curves a most satisfactory one, and found 
his hardness figures interesting. 

Admiral Goodwin suggested that much that was 
said in the two papers might apply to turbine 
blading; metal was required better suited to the 
needs in this respect than much of the metal now 
available. 

Mr. Alkins, with reference to Mr. Johnson’s 
remarks, said he had ventured to give something 
in the nature of a theoretical explanation of the 
term “complete annealing,” but must leave the 
matter to others who were more experienced than 
he. His samples were taken parallel to the direction 
of drawing. Scleroscope determination bore rela- 
tion to the elastic phenomena. The breaks in 
Mr. Johnson’s curves were hardly due to experi- 
mental errors in the ordinary sense, but more 
probably to irregularities in the metal in the cold- 
rolling work ; in drawing there was no opportunity 
for the metal to slip. In getting out his specific 
gravites he had not considered the possible 
occurrence of air bubbles nor that of solution of 
metal on the surface. 

Mr. Johnson said that from Mr. Alkins’ remarks 
and from points which came out in the course of 
the discussion it might perhaps be thought that his 
own work had been slavishly carried out because 
Mr. Alkins had taken up his work dealing with cold 
drawing, and that Mr. Alkins’ former paper had 
suggested his own on cold rolling. That might be 
true in a sense, but he might add that several years 
ago he had noted down the question for dealing with 
it at some future time. He (the speaker) did not 
attribute any great importance to the steps in his 
curves, except in the case of two, the others being 
probably due to irregularities in the metal in the 
course of being rolled. In regard to specific gravity 
tests, he (the speaker) said that if he could carry 
out two in 3 hours that was as many as he could do. 
He referred, with regard to this point, to the care 
which had to be taken in cleaning the imens, 
in noting the temperature of the water, &c., all of 
which he did not state in detail through lack of space. 
He could not accept the suggestion that had been 
thrown out to the effect that the steps or breaks in 
his curves might be due to an experimental error. 
He had a great admiration for the work that had 
been done in regard to the amorphous theory, and 





for the tenacity and skill which had been shown 
with a view to establishing that theory. 


Tae Srupy or Tuermat ELecrromotTive Force 
AS AN AID TO THE INVESTIGATION OF THE Con- 
STITUTION OF ALLOY SysTEMS. 

This paper was read in abstract by the author, 
J. L, Haughton, M.Sc., who added that it dealt 
with the subject which would come forward at the 
next May meeting. It stated that the constitution 
of alloy systems was generally investigated by 
means of thermal analysis and the microscopic 
examination of annealed and quenched specimens. 
Useful information could, however, be obtained 
by the study of the physical and mechanical pro- 
perties of the series, and the paper dealt with one 
of these, viz., the study of thermal electromotive 
force. The curves given, when the thermal electro- 
motive forces of a series of alloys were plotted 
against the composition, were often very complex, 
but it could be shown that they were built up of 
branches which had one of three forms according to 
whether solid solutions or mechanical mixtures 
existed. The existence of compounds might be 
shown by breaks in the eurves, or, in certain cases, 
by maxima or minima. The arrangement of the 
constituents in an alloy might have an effect on 
the thermal E.M.F. The of this was worked 
out, and the results of experiments with composite 
copper and nickel rods were given. In this case the 
E.M.F. against iron was nearly 50 per cent. greater 
when the copper and nickel were in the form of small 
discs in series, than when they were in the form of 
a bundle of parallel sheets. Practical details as to 
the methods employed in the determination of the 
E.M.F. for a series of alloys, together with a descrip- 
tion of a simple apparatus designed for. this 
determination, were given. The paper concluded 
with an appendix describing the various thermal 
effects, dealing principally with the recently- 
discovered Benedicks effects. 

The next paper taken dealt with was on 


IpriomorPHic CrysTaLs OF ELxcrro-DEPosiTED 
CoprEr, 

by W. E. Hughes, B.A., who read it in abstract. 
It stated that idiomorphic crystals of electro- 
deposited copper could be formed at will, if suitable 
conditions of deposition were adopted. It was 
found by the author that two requisites were: 
(1) Slow deposition of the metal, and (2) as little 
movement as may be in the solution. A suitable 
device was found to be a small cylinder of metal, 
slightly hollow at one end, suspended vertically 
in the solution between two anodes. The solution 
consisted of copper sulphate and perchloric acid. 
Photo-micrographs of crystals of copper so formed 
were given in the paper. The conditions obtaining 
when the deposition proceeded under the circum- 
stances stated were shown to be analogous to those 
in which good idiomorphic crystals were formed in 
salt solutions, as shown by Moore’s experience. 
And hence the author considered the formation of 
copper crystals and salt crystals to be governed by 
the same genera] laws of crystal formation. The 
work of Sieverts, Wippelmann and von Schwarz was 
considered in some detail. 

Professor Edwards asked the author whether he 
had found it possible to get idiomorphic crystals in 
zinc, and if he could help in that matter his experi- 
ence would be much appreciated. 

The last paper on the list, a Note on the 


PoLIsHING AND Ercnrne oF Zinc For Micno- 
EXAMINATION, 

by H. H. Hayes, was taken as read. The author, 
in this note, stated that owing to the rapid increase 
in the industrial use of zinc in the form of thin 
sheet, it had been found imperative to develop 
a rapid method of polishing and etching this material 
for microscopical examination in order to study 
the effects of different methods of annealing. In 
the method described, the polishing was done 
with Globe polish on chamois leather. No water 
must touch the surface during or after polishing, 
The etching medium was fuming nitric acid, in 
which acid the specimen was immersed for 1 second 
and immediately rinsed in water and dried by a 
hot-air blast. 

All the authors of papers received the thanks of 
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the meeting for their contributions as these, came 
up for discussion. 

A vote conveying the thanks of the Institute to 
the Institution of Mechanical Engineers for the loan 
of their premises concluded the proceedings. 





POSITIVE RAYS. 

Ow Saturday afternoon last, at the Royal Institu- 
tion, Professor Sir J. J. Thomson, O0.M, President 
of the Royal Society, delivered the penultimate 
lecture of his course on the above subject. 

He wished, he said, at the beginning of this lecture 
to say a word or two about the physical properties 
of positive rays. These rays consisted of atoms or 
m les moving at speeds of the order of 2,000 
miles per second. Hence, so far as the energy 
carried by them was concerned, they formed 
a sort of halfway house between the a rays 
shot out by radium with tenfold this velocity and 
ordinary gaseous molecules. The a rays were, 
we knew, positive rays of helium, and in virtue 
of their enormous velocity were able to get through 
solids of considerable thickness. It was of interest 
accordingly to know if the positive rays found in 
discharge tubes were capable of penetrating thin 
layers of solids. So far as he knew, Sir Joseph pro- 
ceeded, the first experiments on this head were 
made by an American, Mr. Goldsmith, using shects 
of mica less than , 95, mm. in thickness. Such 
sheets he found were penetrated by positive rays of 
hydrogen atoms and by positive rays of hydrogen 
molecules. The most extensive series of experi- 
ments of this kind had, however, been made by 
Von Tragenberg, who sorted out his positive rays by 
electric and magnetic fields, as already explained, 
but used as his target a phosphorescent sereen 
covered with thin gold. leaf. Von Tragenberg found 
that three parabolas were still visible on the screen, 
the particles constituting the rays having penetrated 
the gold leaf. These three bolas were those 
due respectively to the h n atom, to the 
hyd molecule and to an atom which was either 
that of nitrogen or of oxygen, the separation of the 
parabolas with fields of the strength used by this 
observer being insufficient to distinguish between 
the two. 

In some respects this method of determining the 
penetrative powers of the positive rays was almost 
ideal. In the first place, each parabola was due to 
the impact of one substance only, the different 
particles of which were, however, moving with 
widely different velocities. From the appearance of 
the screen it was possible to determine the point at 
which there was penetration of the gold leaf, and 
hence to deduce the minimum speed necessary to 
carry that particular kind of particle through. It 
could also be seen how the penetration varied with 
the specific weight of the particles. Von Tragen- 
berg’s result was that the thickness of gold leaf 
penetrated was directly proportional to the velocit 
of the particle. Foratoms of hydrogen moving with 
a velocity of 2-8 x 108 cm. per second (about 
2,000 miles per second), he found that the thickness 
of gold leaf which would just not stop the particle 
passing through was 3-6 x 10-*cm. Gold leaf of 
this thickness was not extravagantly thin. 

There was, the speaker continued, much scope for 
further experiments of this kind, in which he thought 
it might be well to replace the phosphorescent screen 
by a photographic plate, as being easier to work 
with and yielding more definite results. Such par- 
ticles as passed through the gold leaf were found, he 
might add, to have lost their charge. 

He would now pass, Professor Thomson con- 
tinued, to another property of the positive rays 
which was a source of considerble trouble to all 
who used discharge tubes in which a high vacuum 
was desired. All who had worked with such tubes 
knew that after a time metal from the cathode was 
found to have been deposited on the walls of the 
tube, making it beasts kp see what was going on 
inside. This spluttering of the electrodes was pro- 
duced by the impact of the positive rays, and was 
found only at the negative electrode. That it was 
due, as stated, to the impact of the positive rays was 
wr from the fact that a stream of these rays 

on to such a deposit washed it away. 
These rays accordingly when they fell on a metal 
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made it evaporate, and the vapour then condensed 
on the walls of the tube. The rate varied greatly 
with different metals, and the common use of 
aluminium for electrodes was due to the fact that, 
in most cases, it spluttered less than other metals 
and the tubes accordingly remained cleaa for a 
longer time. In some cases the deposit was formed 
very rapidly. With a cathode of cadmium, for 
instance, which was a fairly non-volatile metal, the 
effect was apparent after about one minute’s use. 
This property of the positive rays had proved of 
importance in many experimental investigations. 
At times the physicist needed a film of metal 
which should be at once coherent and yet semi- 
transparent. Such films could be produced by 
fixing a piece of glass near the cathode and passing 
the discharge. The particles evaporated from the 
cathode by the impact of the positive rays were 
condensed on the glass. Semi-transparent films 
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both of platinum and silver had been thus obtained, 
and the process was under the full control of the 
operator, who, by stopping the discharge at any 
point, could get any degree of transparency desired. 
The process had, he might mention, also been 
employed for artistic ends, very pretty effects being 
obtained by placing muslin near the cathode. In 
this case the metal was deposited on the fibres, the 
result being gold or silver lace, according to the 
cathode employed. 

Returning to the severer aspect of this phenome- 
non, it was, the speaker said, of very considerable 
interest to compare the energy carried by a positive 
ray with that required to liberate a molecule from a 
metal. The latter could be calculated from the 
known heat of vaporisation. It thus appeared that 
the energy required to evaporate an atom of a 
metal was generally about equal to that acquired 
by an atomic charge of electricity in falling through 
po volt. Hence, if the positive ray particle trans- 
erred its energy to a single molecule of its target, 
this molecule would be displaced if the positive 
particle had fallen through a very small fraction of a 
volt. As a matter of observation, however, it was 
found that unless the postive particles possessed 
energy equivalent to a fall through more than 500 
volts there was no spluttering at all. In short, the 
phenomenon in question came in almost discon- 
tinuously when the potential difference between the 
terminals of the tube rose above a certain limit 





which for most metals was about 500 volts. Thus, 
although each individual molecule of cadmium 
needed for its evaporation energy equal only to the 
fall of an atomic charge‘through ,}, volt the colliding 
positive ray could not liberate from the cathode 
even one molecule unless it possessed about 10,000 
times this amount of energy. The atoms on the 
target were, it appeared, so firmly bound together 
that the energy of any individual atom struck was 
distributed amongst its neighbours, so that no in- 
dividual one received the full measure of the energy 
transferred by the impact. It thus appeared 
that when a positive ray hit the cathode it liberated 
the atoms in groups and not one by one. As an 
analogy Professor Worthington’s experiments on 
the fall of drops:into water might be brought for- 
ward. Professor Worthington found that the dis- 
turbance at the point of impact spread out. A kind 
of crater was formed beneath the drop. The walls 
of this rose and then broke up into fine spray. 
Probably something of the same kind occurred when 
@ positive ray struck against a metal. The energy 
instead of being concentrated on the particle struck 
was distributed amongst a large group each of which 
in order to be liberated must receive at least ," 


10,000 
of the energy of the ray, assuming that the latter 
had acquired the energy due to a fall through 500 
volts. Spluttering was, moreover, very dependent 
on the nature of the gas in the discharge tube. The 
general result appeared to be that the denser the 
gas the greater the spluttering. As he had already 
stated, aluminium electrodes did not splutter much 
with air or hydrogen in the discharge tube. If, 
however, the gas in the tube were argon, aluminium 
spluttered freely, and he had an old tube containing 
this gas in which the glass around the electrodes 
was completely covered by a mirror of aluminium 
produced by spluttering. 

Stark had shown that not only metals but quartz, 
mica, and, indeed, practically every substance could 
be disintegrated by the impact of positive rays. 

He would now, Professor Thomson continued, 
go on to the use that could be made of the positive 
rays as a method of chemical analysis. As a first 
example, he would show the application of the 
method to the analysis of the gases liberated by 
metals and minerals when heated. Terrestial 
helium had first been discovered (though not by 
positive rays) amongst the gases driven off on heating 
a certain mineral. In this case, the spectroscope 
was used for analysing the gases, but the positive 
ray method was distinctly more delicate as a means 
of detecting the nature of the gases liberated. It 


| was in such experiments advantageous to replace 


the ordinary methods of heating up the specimens 
by using an electric furnace of a somewhat special 
type. This consisted of a discharge tube having the 
cathode curved so that the cathode rays shot off 
were concentrated into a focus. A table was fixed 
just below this focus and on it was placed the sub- 
stance to be heated. The temperature to which 
this was raised in the cathode ray focus was much 
higher than could be attained by the ordinary 
methods of heating. The apparatus was, he said, 
represented in Fig. 1 where the focus tube was 
shown on the left. The gases liberated from the 
mineral at the anti-cathode passed off through the 
tube visible at the top of the diagram to a receiver 
a Fig. 2, where they were stored over mercury. 
They could then be passed by alternative paths to 
the tube 6 which led to the discharge apparatus. 
In the lower of the alternative paths was interposed 
a long and fine capillary tube which was used when 
it was desired to maintain a continuous stream of 
gas into the positive ray apparatus. In this it was, 
as explained in a previous lecture, necessary to 
maintain a very high vacuum, and hence the supply 
of gas passing into the apparatus must not exceed 
that which could be pumped away continuously 
as fast as it entered the discharge tube. Quite 
large amounts of gas were liberated from minerals 
when thus heated. When, for example, a piece of 
mica was placed at the anti-cathode of a focus tube 
the amount of gas liberated in a minute or so was 
sufficient to_increase the pressure in the tube from 
an original value equal to a small fraction of 
mm. of mercury to a pressure equivalent to 2 
or 3 m.m., of mercury. 

The bulk of the gases liberated on heating minerals 
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was neither rich nor rare. Nine-tenths of the total | not nearly so great as it was with the vapour of | stance bombarded was a variety of fluorspar, non- 


was made up of hydrogen, carbon monoxide, or 
carbonic acid gas. It was the residue which was 
interesting from the chemists’ point of view. Thus 
on heating practically any solid, and examining the 
gases liberated by the positive ray method, we got 
in addition to lines referable to elements already 
known, a line corresponding to an atomic weight 
of 3. This line was, he said, clearly shown in Fig.3 
(reproduced from our issue of March 12 last), In 
this case the substance bombarded by the cathode 
rays in the focus tube was potassium iodide. On the 
slide the topmost line was due to atoms of hydrogen, 
the next line to the hydrogen molecule, and then 
came a fainter line, due to some substance with an 
apparent atomic weight of 3. This line was 
obtained in practically all cases; in fact, he did 
not remember a single instance in which traces of 
it were not apparent whatever the substance bom- 
barded by the cathode rays. With some sub- 
stances, however, the line was much more prominent 


phonium iodide. 

= these cases the inference was that the line in 

| question was due to triatomic molecules of Pe 
A difficulty remaining, however, was that if the line 

| were due to triatomic H (and he thought in some 

| cases it undoubtedly was), why was it so rare? He 

| had, Sir Joseph continued, worked for months with 


| a tube containing H, and on not one of the photo- 


graphs taken was there a trace of this line correspond- 
ing to H,. If, however, a piece of mica were bom- 
| barded by the cathode rays, the line came out 
quite strongly in the positive ray photograph 
| obtained from the gases liberated. It would seem 
| therefore that some special conditions were agso- 
| ciated with the formation of this molecule, which 
was closely connected with the absorption of gases 
| by solids. As he had never bombarded any solid 
| without finding traces of the line in question, he 


was driven to think that if the line was always | 


due to H, then in all substances there must be 


| crystalline, and having much the appearance of 
| ferrous oxide. It was found amongst the cryolite 
deposits at Ivigtut in Southern Greenland, and 
.contained traces of cerium. It was first noticed 
| by Julius Thomsen, famous for his determinations 
of the heat liberated in chemical reactions, but had 
| never even received a name. 
When this substance was bombarded in the 
| focus tube it yielded some very interesting gases 
| including an immense amount of helium. In 
| figure 5 the helium line was the third bright line 
| from the top. The bright line above it was due to 
| the hydrogen molecule and between the two was a 
| faint line due to “3.” Just between this and the 
helium line came another faint line, corresponding 
| to an atomic weight of 3-5. It was a very faint line 
| but quite distinct. A body with an atomic weight 
| of 3-5 was a most unorthodox element. In general 
the elements had atomic weights which were nearly 
| whole numbers and, indeed, Mr. Aston’s recent de- 
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in tne photograph than with others. The question 
arose as to what was its nature. The evidence 
seemed to show that in some cases at any rate the 
line was certainly due to a molecule compounded of 
3 atoms of hydrogen and carrying a single charge, 
but it was not yet clear whether in addition to this 
there was not a particle of another kind than this 
complex of atoms, which also contrjbuted to 
produce the line corresponding to an atomic 
weight of 3. 

When ordinary minerals were bombarded the 
difficulty arose that we did not know precisely what 
they contained. If, however, we used vapours in 
our discharge tube we did know what we put into 
the tube, and hence if we get this new substance, it 
was probable that it was produced from the vapour 
putin. When the vapour was that of phosphonium 
iodide the “3” line was quite distinct, although 
not as prominent as in the gases derived from 
certain minerals. Since the vapour in question 
contained a trivalent constituent, it might be sup- 
posed that there was some connection between this 
trivalency and the formation of molecules consist- 
ing of 3 atoms of hydrogen. The photograph 
obtained with phosphonium iodide in the discharge 
tube was, he said, reproduced in Fig. 4. In this case 
the dispersion was so great that the line due to the 
hydrogen atom did not appear on the plate and the 
uppermost line visible was that due to the H mole- 
cule. Just below this line was a faint line due to par- 
ticles of something with an apparent atomic weight 
of 3. , The fact that this line appeared so distinctly 
when the vapour in the discharge tube was a com- 
pound of a trivalent element gave reason for con- 
cluding that in this case at any rate the line was 
due to the molecule H,, When ammonia, a com- 
pound of another trivalent element, was examined 
in a similar way only traces of the H, line were 
visible, the quantity formed being for some reason 


Fig. 4. 


traces of impurities; corresponding to trivalent 
elements which formed the basis for the grouping 
together of 3 atoms of hydrogen. He did not know 
what chemical evidence there might be in support 
of such a conclusion. 

This substance “3” was still given out after a 
bombardment continued daily for months, It even 
survived the repeated solution and recrystallisation 
of the salts used, and appeared in cases when the 
substance experimented with was supposed to be 
quite free from hydrogen. Once obtained, moreover, 
it was remarkably persistent; hence he did not 
think that it was an evanescent compound produced 
momentarily by the discharge. A long time was 
needed to clear “3° from a tube in which it had 
once made its appearance. The tube had to be 
washed out repeatedly and run for a considerable 
time before all traces of “3” disa _ tk 
would thus seem as if it got absorbed in the walls 
of the tube or by the electrodes. It was difficult 
to reconcile this behaviour with the view that it 
was formed by action of the discharge. 

Helium also was often liberated when any salt 
was for the first time bombarded by the cathode 
rays, showing that this gas was stored up to a small 
extent in all solids. Unlike “ 3,’’ however, it was 
gradually driven off and disappeared if the bombard- 
ment were long continued. Of course in such 
experiments it was necessary to make sure that the 
helium was not derived from air leaking into the 
apparatus, since the positive ray method was 
capable of detecting the amount present in | c.c. 
of air. Such a contingency was, however, easily 
guarded against, and in fact no helium line appeared 
unless there were present a salt under bombard- 
ment by the cathode rays, and the helium line was still 
to be found if this salt was fused and rec ised. 

Another line had been i on positive 
ray plates during the last few weeks. The sub- 
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terminations had shown that with the exception of 
hydrogen the atomic weights were all exactly whole 
numbers. Yet in the positive ray photographs of the 
gases derived from this peculiar variety of fluorspar 
we had always accompanying the line “3,” this 
additional line corresponding to an atomic weight 
of 3}. The new line showed certain peculiarities. 
It was always accompanied by a considerable amount 
of secondary lines, as indeed was usually the case 
with “3.” Since finding it on the plates obtained 
in the positive ray analysis of the gases from this 
peculiar type of fluorspar, the speaker had found, 
whenever “3” was present, traces of the new line 
on plates obtained with the gases from other 
minerals. In these cases, however, the line was 
always very faint, never comparable in strength 
with the line due to “ 3,” and it was never present 
when ‘‘ 3” was absent. 

It might be suggested that the line was due to'an 
atom of ithium carrying two charges, but it was 
very hard to get a lithium line carrying even one 
charge. Again, it might be due to an atom of 
nitrogen carrying four charges; but in that case 
we might expect to find it common instead of rare. 
In fact it was difficult to account for by any kind 
of juggling between the atomic weights and the 
charges carried by the heavier kinds of atoms. 

Treating the problem as a mere matter of arith- 
metic the line could be accounted for by a molecule 
consisting of seven atoms of hydrogen carrying a 
double charge, but the only evidence in favour of 
this view was that seven divided by two was equal 
to 3}. 


Tue Late Dr. Dorivo-Doprowor1sky: Exrata.—In 
our paragraph on page 352 of the issue of the 12th inst. two 








misprints require correction. Two (not 200) alternating 
cuneate dilintng Socte  ee oS 
ie field, and the distance Lauffen—Frankfurt is 


200 km. (not 100 km.), 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

A: MEETING of the above institution was held on 
Friday last, at the Institution House, Westminster, 
the President, Captain Sankey, occupying the chair. 

MECHANICAL STOKERS. 

The formal business having been despatched, Mr. 
David Brownlie read an abstract of his paper 
entitled “Exact Data .on the Performance of 
Mechanical Stokers as Applied to ‘Lancashire’ 
or Other Narrow-Flued Boilers.” We commence 
the reprint of this paper in another part of this 
issue. 

In opening the discussion, the President com- 
mented upon the labour involved in the making of 
the 80 trials with which the paper dealt, and in the 
collation and co-ordination of the results. The 
author’s statement of results, and his comment that 
there was little measuring apparatus to be seen 
in boiler installations generally would come as a 
shock to many people. 

Mr. G. B. Storie expressed himself as not clear 
how the smoke tests had been made. Five different 
degrees of black smoke were indicated in the paper. 
He had before him a chart printed by the Institution 
of Civil Engineers some years ago in connection with 
certain steam trials, in which a series of diagrams, 
numbered one to five, indicated the beginning of the 
shade of smoke. He considered that it would have 
made the matter clearer if Mr. Brownlie had adopted 
the same method. Mr. Storie had had a good deal 
of experience of the working of mechanical stokers 
and of hand firing, and some years ago had acted 
as advisory engineer to the Bradford Corporation 
on the question of smoke. After three years, the 
Corporation concluded that mechanical stokers 
were very serviceable in reducing smoke. 

Mr. Charles Erith said the first things that had 
struck him in the paper were the complete absence 
of reference to heat balance, to the condition and 
age of the plants, or to the general conditions of 


evaporated 82,995 lbs. of water hourly. There 
was no superheater or economiser, and the plant was 
strictly comparable to the class of boiler considered 
in the paper. The figures referred to were :— 


Heat Losses. 
Per cent 
In bes bay 10°15 
ae aay obs 17 nbd 0-04 
»» evaporating moisture in coal 0°37 
»» heating moisture in air O11 


», heat carried away by steam formed 





by burning hydrogen ove 3°66 
By radiation of combus.ible in ash 7°56 
Total heat loss 21°89 
With exit gases at 467 deg. and boiler efficiency 
78°11 per cent. 


Continuing, Mr. Erith said that splendid as were 
these results, from the thermal point of view, in a 
boiler raising saturated steam at 116 lbs. pressure, 
they would be merely a ludicrous proposition 
for a modern power plant, with a steam pressure 
of 250 lb. to 300 lb., with considerable superheat, 
and with proper condensing conditions. The best 
reorganisation possible with a Lancashire boiler 
plant at 100 lb. pressure, slight superheat and non- 
condensing engine, was bound to be three, four or 
five times, or even more expensive in coal. No 
real attack on the coal saving problem could be 
made by generating power on a very small scale, 
necessarily under uneconomigal conditions; the 
remedy was the wholesale scrapping of the small 
power plant, excluding cases where steam was 
required for process work. 

Returning to the question of the tests, he would 
take the case of Job 23 (Table 14 of the paper) with 
13 boilers, the gases left the economiser at 649 deg. 
Fahr. Again, in Job 24, with 10 Lancashire boilers 
the gases left the economiser at 612 deg. Fahr., 
while the corresponding figure for Job 11 (16 
boilers) was 318 deg. Fahr. How was the extra- 
ordinary difference to be explained—the gases 
leaving the economisers at double the correct tem- 
perature ? The discrepancy was attributed to the 





up He to have seen Mr. Brownlie’s 
full report on one tested at the end of the | 
war period, after years’ use, no attempt being | 
made to put it in order—and he had observed the 
remarkable fact that on the long check test of four 
boilers, covering 169 hours, with ordinary fuel, the 
results were considerably better than in the case 
of the eight-hour test quoted, made with a fuel not | 
used before or since, and having very small efficiency. | 
Mr. Brownlie had omitted an important factor, | 
namely, the object of the tests. Apparently the 
author had some method of bringing boiler practice 
up to date, but bad not given any example of the | 
result’ of such re-organisation. 

Of the 80 tests, covering 299 boilers, 5 covered 70 
Lancashire boilers, of comparatively low pressure, 
all ‘used in explosive works—war-time plants. 
The remaining 75 tests covered 229 only, in miscel- 
laneous industries. It might be admitted that in 
the case of the five tests with 70 boilers, very little | 
steam was used for power (roughtly, one-tenth, 
the rest being used for process work). It would | 
have been interesting if Mr. Brownlie had been able 
te contrast American results in the case of similar 
explosive plants. Mr. Erith instanced the old 
Hickory plant, having 68 boilers, each capable of 
evaporating 45,000 lb. hourly, easily equal to six 
**Lancashire”’ boilers per unit. 

’Mr. Brownlie had attacked the national electri- 
fication scheme, and had spoken of stupendous 
expenditure, but he should be aware that capital 
cost was greatly reduced per kilowatt with the 
modern large unit plant. The author should also 
know that it was foolish to speak of reorganising 
small internally fired boilers, on:y ‘suited for re- 
latively smal] pressures and small superheat, many 
of them placed in positions where no proper con- 
densing facilities were available. It was, moreover, 
absurd to contrast such plant with that of a cen- 
tralised modern station having large units, surface 
condensers, turbines, water-tube boilers, and every 
facility for eliminating manual labour throughout 
the whole process. 

The speaker would submit the following figure 
showing what was practicable in modern large-unit 

mechanically fired boiler tests. The test was of a 


defects of mechanical stokers. With regard to 
steam jets there was no excuse for the figures being 
put in as characteristic of stokers, when the steam 
«jets were taking ten times the steam they should 
normally take. If there were anything in a plant 
that was out of order, the defect should be put right 
before the tests were recorded. 

Mr. Erith also directed attention to the ill effect 
on stokers of driving them by steam; in big modern 
plants stokers should be electrically driven, and not 
subjected to the modern high-pressure superheated 


| steam. Steam drive could be highly economical, 


however, provided that the latent heat of the steam 
was recovered, either by condensing by contact with 
the feed water or in process work. In the test of 


| paper mill plant referred to by the speaker, all the 
| latent heat in the auxiliary exhaust steam was 
| recovered by the use of the soda recovery plant, a 


fact entirely ignored in the test figures. For com- 
parison with the large unit which he had mentioned, 
he would give the figures for Job 3 of Table 14 of the 
paper, a plant comprising the boilers at a pressure 
of 102 lb. with 40 deg. superheat. This installation 
burnt just under four tons of coal, while the evapo- 
ration was 69,600 lb. of steam per hour. If the 
plant was reorganised, as Mr. Brownlie would suggest 
by taking out the mechanical stokers and doing 
other things of that kind, there would be at least 
a 10-men shift. 

Mr. David Rushworth thought Mr. Brownlie 
had overlooked one adjunct affecting the life of 
the boiler, te. the fuel economiser. From long 
experience in the economiser business, he had found 
that mechanical stokers had such an effect on the 
tubes of an economiser as to reduce their period of 
life by one-half. Speaking of the coking and sprink- 
ling type of mechanical stokers, using steam jets, 
the gases were condensed on the exterior of the tube 
at the lower ends, sulphurous or sulphuric acid 
being formed, with resultant eating away of the hard 
skin of the cast-iron tube. Perhaps the author 
would state his experience in this respect. 

Mr. Alfred W. Bennis, the next speaker, said Mr. 
Brownlie had reflected upon the opinion of the 
Coal Control Department ; that opinion was, how- 
ever correct ; mechanical stoking did save labour 





single boiler and of 24-hours’ duration. The boiler 


in the stokehole. One of the largest Government 


factories ran a range of 32 Lancashire boilers 
entirely with girl labour during the war, the girls 

ing quite of the ordinary type. The record 
showed that this plant was the most economical 
in consumption of coal of any plant under the 
department’s control. 

The low grade fuel which Mr. Brownlie could not 
burn with his type of hand-fired forced draught fur- 
nace could be dealt with by the use of mechanical 
stokers or with self-cleaning furnaces. Many 
collieries were burning such fuel with 30 per cent. or 
40 per cent. of ash, and doing satisfactorily. True, 
the output of the boilers was somewhat reduced, 
a natural consequence of using as fuel an absolute 
waste product. During the war, many people had 
to adopt mechanical stoking as an aid to steam 
production, when ordinary hand-firing would not 
maintain the supply. The authors’ tests were 
mostly conducted during or immediately after the 
war when every factory was disorganised, when the 
real firemen had left and unskilled labour had taken 
their places, when the brickwork was bad and there 
were leaks all over the place. 

He took exception to the author’s quotation of 
an efficiency figure of 81-1 per cent. on ‘“ Lan- 
cashire ” boilers only, given by a mechanical stoker 
firm. His firm had published such a result, but had 
not stated that it was on boilers only ; the figure was 
quoted for boiler, economiser and superheater, and 
it was stated then that every condition relating to 
the plant was as good as it could be. The figure 
was obtained from a test of eight ‘‘ Lancashire ” 
boilers, at the Formby Power House of the Lan- 
cashire & Yorkshire Railway, with weighed water 
and coal and about 30 observers; his firm had 
only to run the stokers and copy the figures obtained. 
These figures had been maintained and even slightly 
exceeded upon occasion, during a period of about 
twelve years. 

Mr. Bennis then submitted a table of 26 tests, 
including a test of 164 hours duration, giving an 
average efficiency of 73°7 per cent., and an hourly 
evaporation of 11,241 Ibs. 





l 
Range of Number of Mr. Brownlie’s 
Efficlency. | ‘Tests. Pereentage. | Table 3. 








Per cent. Per cent 

Over 80 1 3°8 1°25 
75-80 u 34.6 2°5 
70-75 10 38°6 2°5 
65-70 6 23-0 21°25 


| 


The CO, results given in table 4 did not, the speaker 
said, tally with Mr. Brownlie’s conclusions. The 
latter had admitted that the CO, was better in 
mechanically-fired boilers, but stated that the 
results were worse. Something must be wrong with 
the figures in that table. 

He thought, with regard to steam produced the 
figures of the 26 tests quoted would prove his point. 
Of course, in boiler plants it was not the aim to make 
all the steam possible, but what the factory actually 
required at the time. Therefore, an average of 
600 gallons an hour might mean that between times 
the factory was only taking 400 gallons, while at 
another time it might take 1,000 gallons or more. 
On the question of the flexibility of stokers, Mr. 
Brownlie made the mistake of lumping together 
all classes of mechanical stokers. Obviously some 
stokers were good for moderate and steady loads ; 
others for heavy and intermittent loads. 

Mr. W. Reavell said that the plants covered by 
the authors’ tests could scarcely be regarded ‘as 
typical British plants ; they were principally con- 
| cerned with woollen dye and similiar industries in 
|@ certain part of the centre of England. Mr. 
| Brownlie had made the deduction that, generally 
speaking, if first cost were taken and allowance 
| made for interest, &c., stokers were of no advantage. 

With regard to the quantity of steam used in 
connection with jets, it was surprising what a large 
percentage of the steam generated appeared to be 
used in the jets. A number of years’ experience 
had impressed him with the fact that the amount of 
waste through leakages and small holes was great ; 
and more steam passed through small jets than 
might be supposed. Judging from descriptions of 
jets he did not consider that much scientific en- 
gineering had been bestowed upon their form, &c. ; 
the holes perforated in the }-in. and 1-in. pipes were 








| 
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not designed to give the best results from the steam 
blown through. It appeared to the speaker that 
the steam could be so used in some form of nozzle 
as to induce a flow of air, resulting in greater effi- 
ciency in the consumption of the steam. 

Probably the average size of the plants dealt with 
by Mr. Brownlie was not great, but the author had 
apparently overlooked the fact that the mechanical 
system of firing did lessen the monotony of the fire- 
men’s work. The point was of value in these 
days, when employers would have to take the 
claims of labour into account. He could not con- 
ceive of a duller task than that of the fireman who 
day after day, week after week, and year after year, 
had nothing to do but to shovel coal into the furnace 
and clean the clinker out. From that point of 
view alone he regarded mechanical firing of boilers 
as a great advantage. 

The speaker ventured to think that the statement 
in the paper to the effect that Lancashire boilers 
far exceeded other types in number was incorrect ; 
certainly it would be still less correct if comparson 
were made of the horse-power or total evaporation 
of each type. Mr. Brownlie asserted that the 
‘“‘Lancashire”’ was essentially the standard boiler 
of the country, and had observed that the amount 
of coal consumed in Great Britain on “‘ Lancashire ” 
boilers was probably eight to ten times that on 
tubular boilers. Again, Mr. Reavell thought the 
author must be in error, nor could he accept the 
584 million tons of coal which Mr. Brownlie stated 
to be used for power produced by steam raising. 
It was commonly known that the power stations 
of the country used seven and a half million tons of 
coal per annum, and probably 90 per cent. of the 
boilers used were water-tube boilers. That alone 
was 11} per cent. of the whole, while it only took 
account of power station boilers, not regarding the 
boilers of this type in use in numerous industries. 

Mr. David Wilson said that the abstract of his 
paper which Mr. Brownlie had read was sufficiently 
revised to soften the blow struck by the original. 
From this paper, anyone not fully conversant with 
modern power-plant might reach the conclusion that 
mechanical firing was a mistake, both for narrow- 
flued and water-tube boilers. It was, however, 
known that the demand for increased efficiency, 
output and labour-saving put hand-firing out of 
court for installations of any magnitude, Possibly 
Mr. Brownlie’s investigations were confined to 
installations of small size, in which the type of fur- 
nace to be adopted must necessarily depend upon the 
class of coal to be used. If, however, high-grade, 
volatile coal were available mechanical firing effected 
no great saving; if the installation was a small one 
there would probably be very little labour-saving. 

The people responsible for electric power supply 
had given more thought to the scientific combustion 
of fuel than any other body of steam users, and it 
was notable that while the water-tube boiler pre- 
dominated in power stations, there were still 865 
cylindrical boilers in use in such stations, and of 
these 566 were mechanically-fired and 299 hand- 
fired—or 66 per cent. mechanically-fired. Did 
the author suggest that the engineers responsible 
for the installation of these mechanical stokers 
in electric power stations were entirely wrong ? 
The speaker then presented the following per- 
centages of mechanically-fired boilers in use in 
various industries :— 

Per cent. 


42 
33 


As regards locality, in the Yorkshire district of these 
industries 73 per cent. were mechanically fired, and 
in the Lancashire district, 31 per cent. Those 
figures spoke for themselves. With regard to 
the author’s opinion that the Lancashire boiler was 
the standard unit, he might mention that there 
was no correct census of boilers in this country. 
The Coal Control Department failed in their en- 
deavour to get a census, but from the information 
forthcoming, so far as it went, he could say that the 
total number of boilers (omitting those of collieries 
and gas works, of which data were not yet obtained) 
for steam-raising was 76,000 of all types. 
Of that number 42,000 (or 55 per cent.) were of the 
cylindrical type, whereas Mr, Brownlie gave the 
figure of 92 per cent. for the cylindrical or Lancashire 


Woollen industry .. ose 
Cotton industry ose e 





type. The boilers actually specified in the return 
as “Lancashire ’’ only amounted (to! 29,000. (38 
cent.). In the case of water-tube boilers i ied 
in industries in this country it was of little value to 
take the number of units installed ; the ge 
was to get relative figures of horse-power. en 
it was remembered that the cylindrical boiler was 
limited to small powers, whereas the water tube 
boiler was built up to as high a figure as 100,000 Ib. 
per hour, he felt that if the relative figures for the 
two classes of boiler were computed in horse-power 
the result would astound Mr. Brownlie. 

Mr. Brownlie had crititised the coal control 
remarking that he could not. understand the 
Coal Control Department recommending mechanical 
stokers. The speaker, however, was unaware 
that the Department had made any hard and fast 
recommendation to instal mechanical stokers. As 
a matter of fact, when the economy campaign was 
started, instructions were given to inspecti 
engineers throughout the country that they must 
confine themselves to suggestions for economy, 
without introducing additional plant or advising 
structural alterations. He thought that the author’s 
criticisms must refer to an address which he (the 
speaker) had delivered in Glasgow, in which he had 
predicted that eventually hand-firing would dis- 
appear. He still adhered to that view. The 
users of mechanical stokers were of the greatest 
assistance to the Coal Control Department during 
the period of serious trouble, in helping to burn peat, 
refuse, &c. One of the largest and most scien- 
tifically operated collieries in South Wales was 
equipping an entire plant with mechanical stokers 
after the fullest investigation. 

Mr. Spyers, referring to the remarks in the paper 
on efficiency said, for the purposes of good com- 
parison it was necessary, in all cases, to eliminate 
the effect of superheaters and economisers, which 
confused the issue. He would be surprised if 
Lancashire boiler makers would accept, without 
comment, the figure of 53 per cent. for the average 
net working efficiency for boilers only; the Lan- 
cashire boiler might be considered: “ prehistoric ” in 
construction, but was not so bad as this figure would 
suggest. The speaker was inclined to agree that, 
with good firemen, the efficiency obtained with 
hand firing should be as good as with mechanical 
stoking. That would be perfectly true, provided 
the men were skilful and well disciplined ; and the 
efficiency could probably be maintained over a fairly 
reasonable period. Forlong and continuous working 
of boilers in actual commercial. practice, however, 
he had no hesitation in saying that the mechanical 
stoker was far better than the man. Mr. Brownlie 
was correct in saying that the mechanical stoker 
did not save labour. That was true because.there 
was just as much labour involved in lifting the coal 
into a hopper as in lifting coa] from the floor into a 
fire door; perhaps more. The gain with the mech- 
anical stoker was the manner in which it lent itself 
to methods of coal handling. 

Mr. W. H. Patchell strongly dissented from Mr. 
Brownlie’s opinion that the mechanical stoker was 
of no use. Mr. Brownlie, dealing with his subject 
from the chemist’s point of view, had been on the 
watch for CO,, whereas those behind the shovel and 
the coal heap knew that the CO,. was not everything. 
He ed the condensation on economiser 
tubes as a matter rather for the engineer than for 
the chemist, because it was connected with the 
practical working of the boilers. It was not good 
practice to put cold water into economiser tubes, as 
condensation was, in that case, inevitable; if the 
feed were not hot there would be a sensible amount 
of corrosion on the outside of the tubes. Moreover, 
there was moisture in the coal, quite apart from the 
moisture going up the chimney from steam jets. 
With regard to steam jets, firms who had sold steam 
jets to the speaker had started with the statement 
that the steam consumption was about 2 per cent, ; 
he had, however, found, from measurements, that 
the figure was nearer 15 per cent. 

Mr, D. Brownlie ie et to the oes 
dealing bri with certain tare only, the 
hour Fait iggy ® had not advocated hand- 
firing for Lancashire boilers, and had, in his > 
discussed the advantages and drawbacks of both 
methods of firing; he had merely stated that 





mechanical firing presented difficulty, and that ite 
advocates-had ¢ its advantages. With 
regard to the statement that the tests had all been 
made during the war, and that no dates had been 
given, if Mr. Erith would refer to the paper he would 
see that the tests extended from 1910 to the present 
time. Mr. Erith had found that the week’s test 
proved better than a day’s test. That was quite s 
common experience, If a boiler plant were worked 
hard during the day, the efficiency would drop, and 
2s Sq ge ey a haere might 
rise. _Mr. Erith considered that the object of the 
test should be stated ; the sole object of thes "s 
test had been to ascertain what the boiler. 
doing, under normal conditions, week by week ; 
special conditions would not be a fair test. With 
regard to the absence of heat balance, Mr. Brownlie 
considered the data he had given were pretty com- 

ete, and Mr. Erith could make his own caloulations 

m. these. 

The difficulty with regard to the national elec- 
trification scheme was occasioned by the 
complicated character of that scheme. It had to be 
borne in mind, too, that a great number of works 
in this country were obliged to have steam, for such 
purposes as dyeing, colour bleaching, tanning, 
&c. Consequently, in such cases, far more steam 
‘was required than was for power purposes, 
and it would not matter much to the works even if, 
under the national electrification scheme, they were 

with electricity. He maintained that 
15 to 20 million tons of coal were burnt annually for 
low pressure steam alone ; that coal should be burnt 
for high pressure steam and then passed through the 
turbine to generate electricity. With regard to 
the objection raised that steam jets absorbed a large 
percentage of the steam generated, he could only 
‘say that that was precisely what he had endeavoured 
to prove. Mr. Erith’s suggestion that examples 
of what could be done in the way of reorganisation 
should have been given was not conformable to the 
object of the paper, which was to give results of 
mechanically fired boiler plants as worked; at 
some future time, however, he would be pleased 
to give results of reorganisation. 

Mr. Erith was under a misapprehension in sup- 

that the speaker advocated manual (or brute) 

; he had stated specifically that mechanical 
handling did away with hand-firing, and had also 
stated that, from the point of view of labour diffi- 
culties and the demand for better conditions of 
working, hand-firing would become a serious ques- 
tion, He must adhere to his opinion that mechanical 
stokers did not in most cases save labour. The 
average size of the boiler plants under consideration 
was less than six Lancashire boilers, and mechanical 
stoking did not save labour in such cases, though it 


55 * 

were employed in three shifts, making one girl 
boiler with an additional eight ‘stheecing 
about.” ‘The girls were low 
running the plant was two or 
than it would have been if men had been employed. 
He was sorry if that instance represented Mr. 
Bennis’s idea of the efficiency of mechanical firing. 
The s agreed that some collieries had 
adopted mechanical stoking with good results, but 
Mr. Bennis knew quite well that many collieries 
had become disgusted with mechanical stoking. 
As to the determination of the heat value of the coal 
and net and gross efficiency, he could not at once 
answer the ‘questions raised, as the matter was 
complicated. It was best to base a boiler test on 
the gross efficiency as determined, and subtract the 
small number of British Thermal Units lost by the 
of steam in the flue gases. It had never 


escape 
been really settled what was the best way, but he 


believed that his method was favourable to the 
mechanical stoker. Mr. Bennis had quoted an 
efficiency of 80 per cent., a figure which the 

did not dispute ; in fact, one of his tables 

such a figure. He still adhered to his statement 
that not 5 per cent. of the boilers in this country were 
su with water meters, and that not 2 per cent. 
of the boilers were run on scientific lines. would 
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EXHIBITS AT THE MOTOR-BOAT SHOW AT OLYMPIA. 
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Figs. 14 ro 16. *18-Cytrsper 450-B,H.P. Exons; Tus Gresw Exorse Compaxy, Luncrep, TwickeNnam. 


point out to Mr. Reavell that the plants tested were 
not confined to the centre of England, but were 
distributed all over the British Isles—in the woollen 
industry in the west, and in England and Scotland 
(as far north as Aberdeen), : 

The President then closed the proceedings an- 
nouncing that the next ordinary general meeting 
would take place on Friday, April 23. 





“Tue VentILaTor.”*—This is the title of an illustrated 
magazine which is issued members of the staff of 
Mosars. Edward Wood & Co., Li Ogean Iron Works, 
Manchester. It a to all *s employees. 

















THE MOTOR BOAT SHOW AT OLYMPIA. 
(Concluded from page 375.) 

The Motor Boat Exhibition at Olympia closed its 
doors on March 20, after what was apparently a 
successful week’s run. It is difficult to estimate 
the amount of business transacted during the period, 
but the effect of such exhibitions in educating the 
public to the state of the art, and in bringing home 
to possible purchasers the nature of the wares 


which await their orders, is perhaps more useful 
offer for immediate 


than the opportunities they 
sales. However this may be the Exhibition was 





creditable, both to the industry generally and to 
the numerous firms who had gone to considerable 
expense in preparing and transporting articles of an 
unusually large and heavy nature to the site. 
Continuing our description of the more interest- 
ing exhibits, we may refer to the stand of the Green 
Engine Company, Limited, of Edwin Road, Twicken- 
ham. This firm who have for many years specialised 
in the design of light high-powered internal com- 
engines for aeronautical and marine pur- 
poses, showed several of their models, the most 
striking, perhaps, being an 18-cylinder engine rated 
at 450 brake horse-power. This engine follows 
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An overhead camshaft*drives’the valves for each line | 


of cylinders through small rockers and tappets, the 
whole of the gear-being completely enclosed. Each 
camshaft is carried on seven bronze bearings, and 
the casing of the shaft can be readily removed for 
inspection. The cams dip at every revolution into an 
oil bath formed in the casing, while forced tubrica- 
tion of main bearings and crank pins is provided 
oe by means of an oil pump driven from the crank- 
shaft. 

The typeof clutch and reverse gear adopted for the 
Green engine is illustrated in Figs. 17 to 20°on page 







flat-bottomed boat. 


the pump-casing was rotatable the inlet and dis- 
charges could be made to point in any direction at 
will, and a steering or reversing effect could be 
instantly obtained. The inlet to the pump was 
protected with a grating to prevent the admission 
of weeds, fish, &. The pump was driven, through 


‘spur reduction gear and bevel gear, by a two- 


inder horizontally opposed engine, the whole 
being self-contained and readily fitted to any 
The Gill hydraulic system of 
propulsion is claimed as specially suitable for boats 
which have to be navigated in shallow, tortuous or 

































407, and Fig. 21 annexed, the engravings showing 


weedy waters, as there is nothing to be fouled or 
the proportions adopted for ‘a clutch to be used 


injured, and should the vessel run ashore full propul- 
with a 24-cylinder ‘engine rated at 1,000 brake | sive power can be applied for backing off or in any 
horse-power at 1,250 r.p.m. The forward drive is/| other direction at will. 

obtained by means of an internal expanding clutech|, Another and perhaps more ingenious modification 
of standard methods of propulsion and steering 
was shown by Kitchens Reversing Rudder Company, 
Limited, of 747, Royal Liver Building, Liverpool. 
In this case the ordinary type of screw-propeller is 
used, but it is surrounded by a kind of tube made 
of scoop-shaped pieces of metal which can be rotated 
alfout a vertical axis passing through the propeller. 
By bringing them together, a kind of bonnet is 
formed covering the back of the propeller, so that 
the water displaced by the latter is directed towards 
the front of the ship. The ship is then propelled 
backwards with a considerable fraction of her full 
power. By manipulating the metal shields in other 
ways the ship may be turned in circles of various 
diameters, both ahead and astern, and may be 
manceuvred with ease and rapidity. In a large 
tank at Olympia were two model vessels fitted 
with the Kitchen reversing rudder, the propellers 
of the boats being driven by electric motors taking 
current from a flexible cord, so that the boats were 
free to mancuvre as desired. By suitable manipu- 
lation of the rudders, a proceeding which was almost 
instantaneous, the vessels were made to execute 
remarkable evolutions which always attracted a 
crowd of interested observers. The Kitchen rudder 
which, it need hardly be said, eliminates both 
rudders and teversing gears of the ordinary type, 
has been made in sizes to suit boats fitted with 
engines from 4 brake horse-power to 40 brake horse- 
power, and the makers are prepared to submit 
designs for vessels of any size. The whole arrange- 
ment was very fully illustrated and described by 
us in our issue of May 16, 1919, page 508. 

Messrs. John Thompson (Water Tube Boilers), 
Limited, of Ettingshall, Wolverhampton, showed 
certain details of their straight tube water-tube 
boilers which are now being constructed large enough 
to,evaporate 85,000 lb. of water per hour in a single 
unit. The general design is somewhat on the lines 
of the Stirling boiler, but contrary to the practice 
adopted in that.type, the tubes are straight, and 
can, therefore, more easily be cleaned and inspected. 











working inside-the rim of the flywheel. The clutch 
consists of a pair of gunmetal shoes expanded 
against the rim by means of @ square threaded 
screw carrying a pinion which is turned by a rack 





actuated by the lever mechanism. Reference to 
Figs. 18 and 19 will make the arrangement clear. 
When the flywheel clutch is tightened the sleeve, 
and, therefore, the reversing drum, are locked to the 
shaft, and the bevel wheel nearest the a 
keyed to the shaft everything has to \ 
together, and a solid drive is obtained. n the 
flywheel clutch is loose and the reverse drum is 
held fast by its.external band brake, the drive is 
then from the shaft, through the differential gear, 
which reverses it, and so to the propeller. ; 
The Gill Propeller Company, Limited, Kings 
Lynn, Norfolk, exhibited a passenger launch, 20 ft, 
long by 5 ft. 6in. beam, and with a draught of 12 in., 
the chief point of interest in the boat being the 
method of propulsion adopted. Slightly abaft of 
midships, and on the centre line of the vessel, was 
a centrifugal pump with a veiti¢al spindle which 
drew in water through an inlet, the orifice of which 
was tirned slightly forward. The water, after 
leaving the impeller of the pump, was divided into 
two streams which flowed through passages in the 
pump-casing and escaped as two jets, one 
on either side of the suction inlet. The bottom 
of the pump-easing was practically flush with the 
bottom of the boat, so that when the pump was 
started water was drawn in from the direction of 
the bows and forced out in the direction of the stern. 
By this meahs a 





Rear otoscoolas ge caps " Other exhibita at the 
for which a very high efficiency was claimed. As | illustrate and describe later, 


In our issue of August 2, 1918, we illustrated the 
Thompson straight tube boilers of 5,400 sq. ft. 
heating surface installed inthe electric 

station of the Bristol Corporation, and other plants 
have been installed or are now on order for the power 
stations at Wigan, Hampstead, Dublin, Sunderland, 
Ocker Hill, &c. The large combustion space which 
ean be provided in boilers of this type is particularly 


advantageous for burning bituminous coals  effi- | and 


ciently, and the rapid steaming properties are 
valuable when sudden variations of load have to be 
dealt with, as in central station work. 

Although by no means all the manufacturers of 
magnetos were represented at the Show, the number 
of British firms who exhibited such apparatus was 
a striking indication of the extent to which the 
design and development of magnetos has advanced 
in this eduntry since the conditions of war threw 
us upgn our own resources. Messrs. North and 
Sons, Limited, of Watford, Herts, deserve special 
mention for their work in this direction, and the 

itish Thomson-Houston Co 

by; Messrs. 8. Smith and Sons, Limited, of 


Portland Stfeet, London, W.1; The Simms 
Motor Units, Limited, of Street, Rathbone 
Place, London, W.1; and the Lighting and 


Ignition Company Limited, of Cheston Road, Aston, 
m, all showed of various types. 
Show we hope to 


mpany, Limited, of | of 


THE DEVELOPMENT OF METAL CON- 
STRUCTION IN AIRCRAFT.* 
By Major J; 8. Nicnorson, O.B.E., R.A.F. 
(Concluded from page 378.) 

Combined Bending and End Compression Specimens.— 
The specimens: with lattice bracing in the booms failed 
mainly by lateral of the compression boom with 
co of the bracing on thé~booms or of one angle 
in the com ion boom. This type of failure is very 
similar to that already described at the commencement 
of the r in connection with large steel spars, and 
also wi ‘Soeuall Avro spars with lattice-boom bracing, 
and confirms the information that such a t; of boom 
bracing is relatively weak unless very vy. The 
maximum as de varied = 12 tons = 

ware inch-to 18 tons square i agreeing wi 
those obtained in the ball-end compression tests. 

The specimens with dished-plate bracing in the booms 
failed mainly by buckling of short lengths of plate and 
angles on the compression boom at maximum stresses, 
varying from 15-2 tons per square inch to 18-8 tons 
‘sad square inch. In one specimen the dished-plate alone 

uckled in a short length between rivets, pointing to too 

wide spacing of the rivets. In these spars the lateral 

ths dirtotion paralid to Sir toajor otis oOo aeny 
iréection to the major axis of the spar. 

Stress Due to ‘End Load Bending Moment.—In the 
combined loading tests the bending-moment stress, due 
to the end thrust P at failure, in the case of those speci-. © 
mens which developed a maximum stress of’ approxi-’ 
mately 18 tons per square inch, was only from 9 per cent 


ig. 6. & : i 
Fig. 6. FAILING STRESS AT POINTS A B 
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to 14 cent. of the total stress developed, although the 
actual deflections of the s on test were considerably 
greater than the calculated deflections. 

These large duralumin spars are, therefore, similar 
to the small Avro duralumin spars where the proportion 
of > stress due to end-load bending moment is relatively 
small. 

Further Series of Handley-Page Spar Specimens in 
Docolusnin —T he Mond obtained from these pre- 

wey d ley-Page test specimens were so promising 

that a further series of spar specimens were prepared by 
Messrs. Vickers and tested with the loading specified in 
the previous Table IV. (see page 377 anie). 

y specimens were all 4 in. wide by 7-2 in. deep, 
measured over the booms, the three heavier seetions, as 
shown in Fig. 33, yr Pe channel booms 4 in. wide 4 
11-28 in. deep by 0-142 in., 0-180 in. and 0-25 in. thic 
respectively ; whilst the lightest section had also 
continuous-plate booms, 0-075 in. thick, and corrugated 
as shown in the Fig. 34. 

The web bracing in these double Warren 
type, the members being of section, 0-6 in. 
wide by 0-4 in. side by 0-035 in. thickness of material, 
attached by rivets to the free edges of the booms. In 
order to withstand the heavy shearing forces at the ends 


spars is of the 
in channel 


of the imen, the web lattice was duplicated or 
triplica' when . The weight the web- 
bracing member was a  : 0-31 Ib. per foot 

ted from 8 percent. of the total weight in 


the case of the heaviest spar to 19 per cent. in the case of 
the lightest spar. 

In the tests under combined bending and end load the 
lightest specimen with the 0-075 in, corrugated boom 
failed at a maximum strese of 14-7 tons per square inch, 
by buckling of the free edge of the booms. ‘Lhe central 
corrugation in the compressio: ‘ 
of waviness. The lightest channel section 
0-142 in. material failed, as shown in Fig. 33, by 
of the flat boom on a length equal to the pitch of bracing. 

The two heavier channel specimens failed by 
shearing of the webs ; the lighter channel section also 
showed signs of web failure. All the channel-section 





dev @ maximum stress of axl - 

mately. 16-5 tons per square inch at failure, each 

of the four specimens developed at failure a load factor 

ximately 4-5 against the 4 This 

type Cr large spar specimen may, therefore, be 
as sati - 

specimen, Fig. 34, could probably 

be corrugated ly im npee i++ the l of the 


ved by : 
hree longi ions and by simply dishing 
The developed width of the boom plate thus 


* Paper read before the Inctitution of Eagineers end 
Shi rs in Scotland, January 20, 1920. 
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ably before complete failure occurs by buckling. The 


free lips of these members will be partly in tension, and 
are ore to a great extent free from sesondary 
failure. 

8 Failure of Flat Surfaces in. Duralumin Spar 


Specimens, Strength of Free Lips.—An investigation of a 
number of cases of duralumin spar specimens with free 
lips, of the type shown in Fig. 35, where the’ ratio : 
varied from 5 to 12, and where the spar failed? 
buckling of the free lip of the compression boom under 
combined loading, shows that the stress developed in the 
free lips at failure varied as shown in Fig. 36 (page 408) 
at the two sides A and B of the flat portion of the-free lip. 
Main-Plane Spar Design: General Conclusions.—T 

essential requirement in these spars is maximum moment 
of resistance, 


M=fi=sxz 
y 
Also 


whether the design is for simple bending or for combined, 
bending with the end load or for simple struts, ~ ; 
“4 
: 


Ba 
‘a a RD ‘at 
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Fie. 41. Ati-Street Avro WING wITH 


All the experiments on built-up speci- 
mens prove that it is very difficult to 
avoid unsupported surfaces at the junc- 
tions of the several parts, and that 
failure of the specimen usually com- 
mences at these surfaces or, in other 
words, the strength of the whole specimen 
is Iimited by the buckling strength of a 
partly supported, overhung portion of 
the spar specimen. The number of 
se eces in the section, and espe- 
cially in booms, should therefore be 
kept to a minimum, 

esigns with the booms all in one 
pieee are probably prefereble to those 
with corner members (angles, &c.) braced 
together by lattice members or even by 
a single continuous corrugated plate. 

A spar with booms formed from a 
single piece such as a longitudinally- 
corrugated plate may have a smaller 
moment of inertia I,, about the vertical 
axis of the than one of equal weight 
per foot run with relatively heavy angles 
at the corners, and should have 
a greater tendency towards lateral failure, 
but this tendency is resisted by the rib 
connections between the front and rear 
spars of the I understand that 
such a lateral fai of the two or 
of ay wing oa ae rns oy ~ 

n metal ign of the com wing ; 
to incorporate a stiff leading Stee. if An 
transportable without ela te pac 
alone of the leading edge is insufficient. | 
leading edge in the wing pasty supports the 
against lateral failure, and may with profit) be 
as an additional main-plane spar, especially if the front 
main-plane spar is constructed of two | ‘ 
side by side for convenience in attaching the: 
strut and wiring fittings at the neutral axis ofthe: 
As already explained, this division. of the. 
= may considerably weaken the, spar’ 

irection under the | end thrus.,. | oN. 

In built-up spars of the larger sizes the 
of. the web and boom bracing calls for very 
work or for highly-skilled workmen, This— 
redundant, and composed of short me 


he 









is to be| W 
‘dened ve 


ve 





The condition for failure may possibly be stated as 
follows: All sections under thrust tend to set themselves, 
to bow 6F fo deflect, in such a direction that the moment 
of inertia of the section is diminished and the resistance 
.t0 } decreased. If I is theimoment of inertia 


and y the deflection, then = is negative, and the weaker 


the se¢tion the greater will be thevateflect ion under end 
load op under an equivalent tratisverse system of loading 
in ‘the direction of the deflection. 

By lying a transverse system of loading to a short 
length of the boom section under consideration it may be 
possible to determine in a simple manneér the best of a 
numberof forms of section for a given case, 

Metal Ribs, Ailerons and Wings,» Experiments on 
metal ribs have proved that there is no difficulty in making 
the ribssufficiently strong to supportythe loading. In 
the smaller machines there is considerable difficulty 
in producing metal ribs as light and stiff as the wooden 
ribs, which are usually remarkably rigid and strong. 
Duralumin ribs for the Avro 504 K machine were as 
light as; whilst steel ribs for the same machine were 
slightly sheav er than, the standard wooden ribs. The 
simplicity:of these standard wooden Avro ribs is seen 
from the composite wing shown in Fig. $9. 


anny 








ae 


© 


Fig. 43. The fuselage of this machine is built of hard- 
rolled aluminium sheets stiffened on the inside with other 
trans ieee corrugated slig@t#'; the struts are of steel 
tu ing. MS zee BS 

Statice Pests on Steel Wings and Ailerons.—Under static 
load the Bristol M.R.1 wing withstood a load factor of 6, 
when. the front down: 
inner end, causi of the wing 
rear spar also. In a rib test with the centre of pressure 
forward, failure ocourred at a load factor of 8-2 b 
shearing in front of the: front sng when tested wit 
the centre of pressure back, failure occutred at a load 
factor of 6-8 b i 
tests showed t wings to be of sufficient strength. 
Under static load test of the B.E.2p wings with centre 
of pressure forward, the wing withstood a load factor of 
5-82 at failure, against the i 5. © Failure occurred 
in the compression boom of the front spar just inside 
the outer strut near to an additional strengthening plate. 
The ailerons and ribs were also of sufficient strength. 
The Avro steel wings shown in Fig. 41 were proof loaded 
to a load factor of 4-2 with the centre of pressure forward 
and to 3-7 with the centre of pressure back.. On removal 
of the load in each case the spars, &e., returned to their 
original position, The deflection was normal, and there 
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7 ee mae 
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. | occurred by buckling of the webs at a 








was no lateral bowing. Load factors of 7 and 5 -_— 
tively were required before failure occurred. The 
strength, as indicated: by the proof loading, and from 
the behaviour of similar wings, was considered ample for 


weak | flight tests. 


The Avro steel wing shown in Fig. 40 withstood load 
factors of 8-7 and 7°94, against the 7 and 5 specified 
when loaded with the centre of pressure forward and 
back respectively. In the C.P. forward test an inner 
lift wire fitti ae nee being un- 
damaged, Inthe C.P. test loading was stopped 
by the failure of the neighbouring composite wing; 
the all-steel wing was 

The wings may, therefore, be considered to be of 
ample si They are very considerably stronger 
than the wooden planes, and weighed 55-5 lb., against 
the 47 lb. minimum for the wooden planes. 

The ribs developed. load factors of 11-9 when tested 


ructed | with C.P. forward, and at amg factor of 15 with C.P. 


back the test was discontin' = gilt Pent, with 
Te 13 (page 360 ante) and wooden 

, @ load factor of 7 with 
with C.P. back, failure 
load factor of 6. 
above strength. 
inimum for the 


Composite planes 
steel spars shown in 
ribs, withstood, without 


The planes were, therefore, considerably 
They weighed 46-5 lb., against 47 Ib. m 


* ne Wings.—The duralumin 


Avro Duralumin wings 
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sistently obtained, and feilurg never .accurred in: the 


4a 


Avro machine is shown in. Fig. 47. The aileron is con- 

















constructed by Messrs. Vickers and Co., for the Avro 





machine are shown in Figs. 44 to 46. The main spars|spars. The tests were usually, brought.to a shop: struc i Soi ears 

te Ane ae womens ape in Fig. 7. ~ will be seen | failure of one of the standard, ving onsot the _ Experimontal ending ver pone iy a ay BS 
that compression ribs are similar to the main spars. | bracing. When tested with the. flyi inci Picks , 

The light form of the ribs, together with the robust - he flying and incidence | and strong construction. ~~ - 


wires in 
were reac 


ition, load factors.-of. fully 11-2 and 9:8 


—— ~ rifle pes erator y Flight Tests.—Numerous flight tests have been carried 








Fie. 44. 








Fig. 46. Srrour Frrrings WHERE FAILURE OCCURRED IN DuRALUMIN WINGS. 


The wings shown in Figs. 45 and 46 were tested at 
Barrow-in-Furness with C.P. forward, and failure 
occurred at a load factor of 10-7 by shearing of the rivets 
securing the gusset plate to the spar at the inner front 
strut fitting. The strut socket and gusset plate slid 
along the main spar until stopped by the ‘bolts. On 
dismantling, it was found that the spar was undamaged. 
(here was no visible lateral distortion of the spars or of 
the leading edge. 

A large number of static tests were subsequently 
carried out at Farnborough on similar Avro duralumin 
wing construction. Very high load factors were con- 


DvuRALUMIN 





Wine ror Avro 504 K. 


when tested with C.P. forward and with 


out with, the steel B.E.2p and Avro main 


oon- 
beste structed by Messrs. The Steel. W: 
mpany, without the 
any signs of failure from the frequent 


“ and other severe flight tests to 
which they have been subjected, The 
planes have been stripped and carefully 
examined for failure of the riveting, 
internal bracing, &c. The only defects 
observed have been minor, such as the 
buckling of a number of ribs on the 
upper sides of the wings near to the 

. trailing edge. A large number of flight 
tests have also been carried out with 
suceess with the Vickers duralumin 
Avro wings. 

4 ight. tests on the Bristol M.R.1 
esenpion® were also satisf . The 
machi finally made ‘a bad ding, 
one of the lower wings crashing into a 


tres. A portion of the wing was badly 
crumpled, but not destroyed, the pilot 
being-uninjured. It is probable that 
with an i wooden niachine the 


damage would have been much greater. 


MATERIALS OF CONSTRUCTION FOR 

Marn-Prane Spars, Riss, &o. 
F Steel Strip.—The steel strip for the 
manufacture of wings for the smaller- 
sized machines is necessarily very thin, 
being from 0-012 in, to 0-022 in. 
if the weight of the steel structure is to 
be kept down to that of the standard 
wooden structure. For the larger types 
of aeroplanes the steel strip may. prob- 
ably be as thick as 0-0856in. | 

he minimum radius of curvature to 
which the high-tensile steel strip need 
be bent in the manufacture of the main- 
plane spars is about three times its own 
thickness, and hence all-steel strip, alloy 
or plain carbon, should be capable of 
bending to a radius of three times its 
thickness in cold rolling to the final form. 
In general, in the booms of steel spars 
which develop a maximum fibre stress 
of 50 tons to 60 tons per square inch or 
high, the usual radius of curvature in 
the strip ranges from 30 times to 10 
times the thickness of the strip. . 

A consideration of the various spar 
designs which have been developed 
indicates the need for at least two quali- 
ties of steel strip giving yield stresses of 
(a) 40 tons per square inch and (6) 60 

= the yield 
— ed because this cold-worked 
ial has no definite elastic limit, 
The vield stress itself is rather in- 
definite, and may be defined here broad! 
as that stress at which the permanent 
extension of the imen under tensile 
test is visible. With high-tensile material 
developing from 60 tons per square inch 
to 80 tons square inch the elastic 
extension is relatively large. # For 'ex- 
ample, at 62-5 tons per square inch 
the elastic extension on a 4-in. imen 
is approximately 0-02 in., and it is not 
possible to fix the yield stress without 
plotting a stress strain curve. 4 





C.P. back respectively, 
. and when tested with 
the incidence wiring, 
and also.the wires from 
the lower plane to the 
skid ‘removed, load 
factors of 7-8 and 6-5 
respectively were reached when failure occurred at the 
fittings. When this load factor of 7-8 was reached the 
distortion of the planes was so great that loading could 
not be continued. There were several minor distortions 
in the drag struts, and in one case the riveting sheared 
on one side of a cover plate at a butt joint in the main 
spar, but after these large |oads had been removed the 
main spars and the leading-edge invariably recovered. 
The wings wei 48 ib., a considerable pronertion 
of this weight being required for the packing due 
to the standard Avro type of fitting being employed. 
An interesting example of a duralumin aileron for the 








Fic. 47. Duratumin Aimgron on Tuse-Jornt SysTem. 


The strip has been supplied either as alloy steel or as 
the purpose giving the required bend taco, and being 
» Bi requi tests, 

eapable of cold-rolling to the required form. 
Alloy steel strip of tensile st h ter than 70 tons 
Bien. pene inch has been supplied Messrs, Kayser 
i and Co., Sheffield, in their K.E. 897 brand, and 
for those of lower tensile strengths their K.E. 169 brand 

is employed. 

The composition of these steel strips is, orm the average : 








~ | Carbon. | Chromium. | Nickel. [Vanadium, 
K.E. 169 0-20 10 3-5 0-10 
K.E. 897 0-35 1°26 3°5 0:10 














The steel strip is cold rolled to the finished thickness. 
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& 
[t is then heated and hardened by quenching in the coil 
in water from about 820 deg. C. The strip is thon 
flattened by cold rolling, and is finally tem for about 
1 hour at a temperature of about 400 deg. C., and cooled 
in air. 
' This strip, when uncoiled and laid out straight, does 
not exceed in Pp ey in. in 10 ft. When tested 
against the grain the strip will bend round_a. radius 
three times its own thickness, through an angle 
A typical stress strain curve for K.E. 897 
shown in Fig, 48. The influence on the yield 
tempering for 20 minutes is also shown. 
of heat treatment, hardening in oil from 
and keeping for 1 hour at various temperatures 
cooling in air, on the K.E. 169 brand, is 
for 1} in. diameter specimens in Fig. 49. , 
Very similar heat treatment curves will be obtained 
from the K.E. 897 brand, and the strip may be tempered 
down to give a yield stress of 40 tons per square inch, 
with an ultimate stress of 50° tons per square inch, 


FigA8. STRESS STRAIN CURVE 
Figs, 5 897 BRA UN CURE de STRIP. 
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A-Hardened ,Tempered & Cold Rolled. 
B-AsA, but finally Tempered at 380°C 























0 . 
(6224.0) Strain in per Cent on J Inch. 


and an elongation of 12 per cent. on 1 in. with excellent 
bending ities. : 

Plain arbon Steele.—A large amount of experimental 
work has been carried out by Messrs. A. Lee and Sons, 
Limited, Sheffield, on the production of plain carbon steel 
in qualities from 40 tons per — inch to 60 tons 
square inch yield stress, with the result that the 
steel strip has also been found to be suitable for the 
production of these main plane spars. 

The following information regarding a low carbon steel 
strip with 0-30 carbon and 0-85 manganese will be 
interesting :— 











Taste V. 

. 3 “6 he 3 . 

q/6 1/2 | £5] eee 

sad s¢ 2 az = 

| ds - 
Condition. i § F Sy x : 

=| 3 

= Bz Za 55 aff 

& a by 5 _ 1s 
Close 

annealed | 0-064 _ 15-3 18°4 39-5 | Good. 

Cold rolled to} 0-024 62°65 29-0 29-0 2-6 rho 
Normalised | 0-024 — 33-0 36°5 7:5 | Good. 
Cold rolled to} 0-018 | 25-0 47°56 53-5 4-0 | Good. 














Teste were carried out on six different coils, each 
450 ft. long, of the 0-018-in. strip, and the figures quoted 
in Table V are the average of the test results. These 
coils were used for the.manufacture of steel spars ; they 
were formed to shape without signs of fracture, and the 
strip was within required degree of sti 
The normalising of the strip at the 0-024 
completely restored the ductility lost by the very large 
previous reduction of area in cold rolling. 

A higher carbon steel, normalised and cold rolled in a 
similar manner gave the following final test resulte :-— 








Taste VI. 

ott 5 ge foe ta loa |) Bay 
ad fb pele ey 
Condition + eee = oe . i 3 
¢ i - - § Feb 
Strip. z 2% g i 
SESE an dba 

P= 5 
Cold rolted to..} 0-016 | 60-6 | 62-2 6-0 | Good. 
Cold rolled to..| 0-018 | 62-0 | 64-0 | 12-0 | Good. 
Cold rolled to...) 0-020 | 61-5 | 65-2 | 10-0 | Good. 




















Coils giving the tests in Table VI were also manu- 
factured into main-plane spars without showing any signs 
of failure, 

The effect of \eenpering at 350 deg. C. this cold-worked 
plain carbon steel strip is similar to that shown in Fig. 48 


for the alloy steel strip, and would probably result in an 
increase in the ultimate stress, together with a 5 tons 
to 10 tons per square inch increase in the yield stress. 
The influenee of tempering on the oil-quénched plain 
carbon steel strip is different to that on the cold-worked 
plain carbon steel strip, and is rather similar to that 
shown in Fig. 48 for the alloy steel; an Meee erg . in the 
tempering temperature results in a considerable decrease 
‘in the egy and yield ogg ee May oth ——— 
percentage elongation, an " ter t eri 
tem ure between 40¢ deg. C. and 500 deg. C. is 
in an improved bending test. _ 


Cold-drawn sections, such as Selbeny have been pro- 
duced by Messrs. Bruntons, Mussel h, and delivered 





in straight lengths witha yield stress of fully, 40 tons 
per square inch. Such sections, when built with 
continuous steel strip bracing in the booms webs 
should result in satisf .spars. Hot-ro! alloy 
steel angles, in sizes down to bin. by j in. by i in., have 
also been supplied by Messrs. Brown Bailey, Sheffield. , 


AT 





Duralumin Strip and Sections.—The properties of 
duralumin which render it eminently suited for aircraft 
construction are its strength and low specific gravity. 

Its principal physical properties are :— 

Specific vity, 2-80 to 2-85, corresponding to 
0-100 athe 102 Ib. per cubic inch. 

Young’s modulus, 4,800 tons per square inch. 

Ultimate tensile strength, 26 tons per square inch. 

Yield stress in tension, 14-5 tons per square inch. 

eer stress, 18 tons to 20 tons per square 
inch, 


between 360 deg. and 380 deg. C.,’ 

water. Under this treatment it becomes plastic, and 
may be forged or stamped, rolled into sheets, or solid 
drawn into sections or tubes. The tensile strength does 
not exceed 16 tons to 17 tons per square inch, with a 
yield stress of 6 tons to 7 tons per square inch. 

The duralumin is normalised by ting to 500 deg: C. 
and quenc in water, the — properties for 
1 hour after the treatment being ultimate stress 22 tons 

square inch with a yield stress of 9 tons per square 
Inch, these stresses gradually increasing during the next 
10 days to an ultimate stress of 27 tons per square inch 
with a yield stress of 15 tons per square inch. A correct 
heat treatment, in a bath of potassium and 
sodium nitrates, is essential if the properties of the metal 
anne 
in 


i series of characteristic curves showing 
the influence 


the temperature of treatment on the 





These physical properties are t on the heat | 
treatment. It is annealed by hi to a temperature | of 
ing out in 


final properties has been determined by Messrs. Vickers, 
and is shown in Fig. 50. 

If it is impossible or inconvenient to heat-treat after 
the construction of the parts, the material should be 
normalised before the final operation and advantage 
taken of its relatively soft condition immediately after 
the heat treatment for the required mechanical operation. 

Protection of Steel Strip against Corrosion.—The 
various steel parts on aircraft, and éspecially these spars 
and ribs built up from thin steel strip, should be 
padequately —— against corrosion, It has been 
found that the most satisfactory process which can be 
employed is that known as electro-zincing or electro- 
galvanising. The metal parts should be very carefully 
cleaned before depositing the zinc, and the coating of 
zinc should be approximately 0-001 in. thick. An 
alternative enti is to protect the-steel by stove 
enamelling, after the various parts have been carefully 
Geansd: : 


In conclusion I desire to express m: teful thanks 
to General R. Brooke, Popham, C.M.G., R.A.F., for the 
permission given to read this paper, and to my former 
colleagues, especially Professor F. C. Lea; Major H. N. 
Wylie, R.A.F.; Major J. Goodman, R.A.F.; Major A. 
Ro , R.A.F.; and Mr. W. D. Douglas for the 

assistance always given in the discussion of the 
various difficulties as hey arose. 

My best thanks are also due to all the aircraft firms 
mentioned for the generous manner in which they have 
— Poy P-- 2 ose hey various! drawings and 
Pp ere, of the aero parts, together with the 
experimental data obtained. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—Anxiety as to supplies immediate 
and for the early future, is responsible for a. widespread 
concentration of interest in the market for raw and 
finished materials. Current deliveries are in many cases 
barely sufficient to meet requirements, and the difficulty 
respecting forward commitments is becoming increasingly 
apparent...There seems to be no end. to the rise. in 
quotations. Prices of practically every class of. the 
basic iron and steel have advanced again this week. 
Record have been reached in the steel. billets 
section, where, a a rise of 30s. a ton, an extra 
21. per ton has been added, making the current level 
of-prices the highest in the history of the Sheffield steel 
trade. Siemens acid billets cannot be obtained at less 
than 26/. 10s. a ton, and Bessemer acid billets at 26/. 
It is expected that the quotations for hard and ‘soft 
basic billets will be adjusted in proportion. Con- 
temporaneously an advance of 2/. a ton is notified in 
South Yorkshire bar iron, and 3/. in hoops. Bars now 
stand at the ep a level of 267. 108. a ton, 
steel hoops at 17s. 6d. and iron hoops at 351. 2x. 6d. 
Vv of common irons are very unsettled. It is 
practically impossible to obtain a firm quotation. Basic 
pig-iron is somewhere about 12/. a ton, and foundry 
iron 11l. 28. 6d. are. readily disposing of the 
whole of their current output, and in most cases are 
booked up well ahead. - Sheets are almost unobtainable, 
even-at the high price of 24/. to 251. Producers and 
consumers alike declare that defective transport is the 
primary cause of the undoubted shortage. In Sheffield, 
an effort is being made to meet the steel scarcity by mass 
uction of billets. One firm has installed the very 
test plant capable of producing 10,000 tons of billets 
per week. So far as foreign An iid of material are 
concerned, deliveries of Swedish iron and steel -are 
coming to hand with greater regularity, but here again 
prices are 5 pp Sag the up grade. A fair tonnage 
of Swedish billets, bar iron, and pig-iron is going into 
consumption in South Yorkshire. The crucible steel 
branch is rapidly coming into line with the rest of the 
trades. Overseas countries are again buying high-s 
tool steels with greater liberality. Orders for me 
steel have, during the last six months, come in with suc 
freedom as to up makers’ books. Manufacturers 
in all branches of the lighter branchés, tools, wire rope, 
re pee &c., are wrestling with a world-wide demand 
and have no anxjety with regard to sales for the whole 
of the coming year. 


South Yorkshire Coal Trade.—Open market business 
is necessarily restricted to a very limited tonnage, owing 
to the tremendous demand on contract account. Best 
steam hards are a very strong market. All kinds of home 
consumers are pressing for allocated to The 
continued shortage of trucks seriously aggravates the 
position. Cobbles, nuts and slacks are practically all 
absor on contract account. The bulk of the-output 
is going away in traders’ wagons to home users. Slightly 
easier conditions prevail in the house-coal section 
pressure by consumers being diminished with the advent 
warmer weather and longer days. The demand for 
coke of all qualities continues in excess of’ supplies. 

ions :—Best branch handpicked, 23s. to 248. ; 
Barnsley best silkstone, 23s. to 23s. 6d.; Derbyshire, 
best brights, 21s. to 22s.; Derbyshire house coal 
18s. 6d: to 19s. ;* Derbyshire best large nuts, 18s. 6d. to 
19s. 6d.; Derbyshire small nuts, 27s. 6d. to 28s. 6d. ; 
Yorkshire hards, 28s. 6d. to 298. 6d. ; Derbyshire hards, 
28s. 6d. to 29s. 6d.; rough slacks, 24s. to 25s.; nutty, 
238. 9d. to 248. ; smalls, 19s. to 20s. . 


d 
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NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 
Mipp.essroves, Wednesday. 
The Cleveland Iron Trade.—To secure the equitable 
distribution of supplies of Cleveland -pig-iron to Scotland 
the ironmasters favour the revival of a system of allo- 
cation to customers North of the Tweed. . Demand 
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on behalf of consumers in Scotland, as well as on behalf Glasgow station, but even ‘that figure hardly seems 
of other home customers, (is unabated, and inquiry on | stable. 


foreign account continues ve heavy. ‘Supply is Scotch Pi b Trade.—With the h : ; ' 

c ‘ig-Iron . ith the home trade so busy Tue Kerontry Association oF ENGINEERS.— 
er Lares. gr me but the shortage sepreer te Se and consumers gasping for stuff, Scotch pig-iron makers | Saturday, March 27, in the Assembly Room of the 
slightly “tpg te an it | been, Rabie ‘or irs ityINg) are being kept as busy as it is possible to be. The Cyoling Club, a lecture will be given by Mr. Harry 
to learn that a trifle mang gga hy 8 er demand is bay 4 heavy for all grades of iron, and in the| Sherburn, of the British Foundrymen’s Association, 
Foe heme Far fein. Me, a = > . pipesens R. case of No, 1 nips wrt Aas supply is very scarce. Prices | Warrington. Subject: ‘‘Iron Foundry Practice.” 
France, Belgium and Italy, the former is 217s. 6d. and | “™® V°rY strong, but buyers seem prepared to pay even | Chair to be taken at 6.30 p.m. by Mr. H. R. Shackleton. 


: ly delivery, it i . 
the latter are 205s. Very high rates are named for mene ouaet ittecy which womans meine BoA. a Tue Réntoen Socitety.—Tuesday, March 39, at 


iron for other destinations abroad, and a 1 of here i t h bei 8.15 p.m., General Meeting in the X-Ray and Electrical 
siliceous is reported to have been sold to the Far East a se oe ce ke -aaadlonen ee ad oo mg My, ments 5 a ——e Hospital, Lond nm, 
at 2 f.0.b. Deliveries of hematite to the steel works are fairly po ie ida: Miautes of the last Meating, Nominations 
Hematite Iron.—The East Coast hematite branch | good, but the consumption is on a large scale. 4 

—- no a prea y ws me Bis oe iron General Trode.—The 1 trade of Glasgow and the ne a ta wager gpd aac 
anxious’ to book her home orders. To home| West of _o— is Ps pay good at bey present }the Arts Bui Liverpool University, Mr. 8. Clowes, 
customers, No. 1 is 262s. 6d. and mixed Nos. are 260e., | time, but shortage Oo ee ate! in rather] Wh Ex., on “Elementary Calculus,” being the con. 
and the quotations are 267s. 6d. and 265¢. respectively |® Serious matter with which producers have to contend. 


p 


ies are also rather bad and are often of a Maer ere Ot che series. 


for despatch to France, Belgium and I ; while for 
shipment to neutrals, No. 1 is in the neighbourhood of hand-to-mouth nature. The 


280s. and mixed Nos. are round about 277s, 6d. busily employed, and makers iggy machinery | 
Foreign Ore.—Sellers of foreign ore take a very firm| also experiencing active and ; 

stand, but consumers are very to pay prices | advanced, while nail urers have the 

asked. Market tions are based on a minimum of | more orders than they could possibly face for a long time 

50s. for rubio of ye wee uality, on the 17s. parity | to come. : d 
: vous 








peng ors ys ‘wel aed at 378. . 

from t ore port are bei at : be ; 

c.i.f. Tees value of best rubio is quite 70s. NOTES FROM THE SOUTH-WEST. 
sellers ask a shilling or two above terms. ' Carpirr, Wednesday. 


Coke.—Coke keeps vey cole, and local er : ee, Caaketor bots. Re rea ey ae 
are quite to t vanced rates P 

at the poll emg Sy tiest-ternass kind and 588. at |@ 3s. a increase for adults and ls. 6d. 
the ovens for low phosphorus sort. which 


Manufactur dren ond AGB eeaitioes is Sobel eats The prick: 
iron 8' are unrelieved, chief concern foreign trade been fixed as from 
to secure delivery of supplies already contracted for. Ti scnse nail an aiet ok tie, onal Canal 
Most manufacturers are so busily employed and so much pe ma 4 large, of which there is to 
in arrears with deliveries that they cannot entertain | Spq. for smalls: of which there is to be 2 i of. 3 
usiness offering. wing aso omen ao 158. for ughs, which in the case of large ’ Millwall, E. Mr. 
market quotations : Common iron bars, 267. ; vatuat market his career at Arsenal ; he 
bers, $96; stesl ship, bridge and tenk plates, $91 ;| ome pee en eee then entered the Thames Fronwotis & Shipbuilding 
sche te attic teeta rh nay ton |, tena, fl be ned ent, 
4 3 wig » ° 3 : 4 ' . w o., 
packing steel (tapered), 22/. 108. ; steel strip and hoops, : 2 . oming a ner in 1 . In 1881, the firm built 
271. 108. ; soft steel billets, 21/.; hard steel ae oe ; ree ig ng At oe eS a and equip under his supervision new works at Mill- 
steel joists, 21/. 10s. ; oe rails, yd ~ aoe look export business remains virtually at a standstill wall; these have since been considerably en arged and 
and sleepers, 26/.; black sheets, 45/.; and galvan as collieries are full up with allocation orders to home|! : nl the death of Mr. Matthew T’. Shaw 
corrugated sheets, 551. consumers, and have practically nothing for sale on the | @ 1886, t Mr "Chites was continued by Mr. Harry T. 
Messrs. Dorman, Long and Co.’s New Issue.—The te market. At the same tin® there are Shaw end Mr. Chittiok until 1895, when it was incor. - 
decision of the directors of Messrs. Dorman, Long and | like 500 vessels in Cardiff, Penarth, Barry and N pat eed Gules - Mr. H. T, 
Co., Limited, to issue new capital, was not at all un-| waiting for coals which shippers are not able to : Seti pd Phar, age continued aq 
expected. The shareholders are to be asked on Tuesday | rel . In fact, the quantity of coal arriving at managing director ‘ Ry he relinquished the 
next to sanction the issue of 3,000,000 ordinary 1/, shares, | docks for shipment is not sufficient to keep all t active wes ¥ Geecle andl a ‘Se position of per. 
to be offered to the present shareholders, who will be | appliances tae Mong loyed, and even at those at leak Oh tthe arms oy devoting much of his 
entitled to take up the new issue according to the amount | boats are loading lengthy delays are e time arf ness in an advisory and 
consultati * re 


of present holding. This will bring the ital of the | ‘‘ waiting for .”’ Though uction 
huge Middlesbrough undertaking up to 7,500,0001. | several times exceeded 1,000,000 ms per gar 
a: 5 -# , first time since the i $v the 7-hours’ 






















































NOTES FROM THE NORTH. only 268,720 tons, of whigh 
_ Grascow, W +. | equal to 61 per cent., and 
Scotch Steel Trade.—Continued activity is iN }eent. of the total. Pri 
the steel trade of Scotland and makers, w: and are firm at 110s. to 116¢ 
themselves still almost wholly to su pes Se Se and 90s. to 
trade, are even finding great difficulty in ving ste is very scarce and realises 
of the very heavy demand w " fuel is also in short 
ot SOMMER: the pesoest inne SAaRIEpiDs coaeles ome 
o ime ot me 
ments, with the result that the shoxpansion Iron and Steel Trades.—Business 
in the export branch of the steel seems more | quieter of late and 
than ever. Advancing prices have to cause we of 40 per 
cven qenponiey’ ohesk in buying, Ge sane the Gesiee 7s. f.0.t. at , 
to buy, because in many instances it difficult to re ee to 76s. is 
get to fresh business for delivery under . The immediate 
three or four Even then no definite promise in the price of tin. 
onl be sane rae pee ene caee nk Oakes Se 2p ag 
the condition then current will be the will be an 
invoiee price, ion is limited owing to the firm at 56l. for 24-in. 
shortage of raw material, is still very far short of are SI. up, 
act and if were only —— 
ee age meee I Da 
usiness ¢0 4 
very little material svallable. for, shipment abroad, :, ios teanisedneetien ¢ and poncho 
altho prices are being ee lot buildings at the University College, 
whit ae turned out in large @ ready | , were ©: on Friday last at a luncheon 
oul, aati et tee of ae Biiprerd | Beld at the Savoy and presided over by H.R.H 
find themselves almost stand. | Astbar jot es in our issue of| 
~ | the 12th inst., on where we dealt fully with the 
ing to of material from the ‘sum of 100,0002. is for 
steel works, tion now is that makers ‘are not | the work, and, of about one had 
accepting fresh ship ‘or months ahead. |} 00, received promised that 
A similar state of for J ay. Few orapewodyaee = Highness pied Bo that, Ale Pegg t Sn0 
and some very good specifications have lately had to be | the luncheon, further donations totalling 4,250. had been 
returned as makers could not entertain them. The received, so that theze should be no difficulty in eventually 
Kmand is exceedingly heavy and shows no signs of raising the whole sum. The need for reconstruction, | cons Or vill not 
pr aaggoe | bye galvanised sheets _— aoa ®| however, was t in 1914, so that it is doubly urgent | future. Connection between the southern 
Social ’ ayers are pressing de a aan now, and it is ‘ore to be hoped that donations will! and northern railway systems follows as a corollary of 
a heuer is ; hy eaupley ae forthcoming with the front: Paeethte, delay. Sir to convert the latter from a broad-gauge 
very stiff ani look bite odvenciag msnch highs than Sun a ae eee ee De ae foal coding i 
present » 


into uniformity, 


the overflowing, so posshern sxetem. wel 
much so that in ber last over 100 applications for , Siamese southern .b j 
admission had to be rejected. Even greater difficulties tn ayetoms inthe Y States and "the 


: 
= 


) i F 

of the West of Scotland an urgent demand exists for | would be experienced in the ing autumn uzless the on west in French . 
deliveries against orders some time ago, but there | new work id be put in hand. The plans, he said,| China on the east. It is pro to the Beye 
s@ stuff all orders have to be taken in | were all . if ient funds were to} conversion in 1921. New or the northern 
rotation. The gfe pep aned = age A paloeed ra 8 enable a made within the next few weeks, a| system will, of course, be req and tenders for its 
keeping of the market, and many section might be ready for occupation by| supply will probably be issued at end of this year 
re a large tonnage have been around | October next, For this reason we remind our/ Apart from the question of con the Siamese 
this past week, but makers are all so full up little | readers that bis dat qui cito dat. Donations may We| Railway t is in” need o rolli 
more ean now be booked for months to come. The basis | sent direct to H.R.H. Prince Arthur of Connaught, at | stock to 1 which it was 








o8ses not possible to 
price for ‘‘ crown” bars is now called 262. per ton, net, 42, Upper Grosverior Street, Lond »n, W. 1. during the period of the war. ow 
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GEARED TURBINES OF H.M. BATTLE-CRUISER “HOOD.” 
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CONSTRUCTED BY MESSRS. JOHN BROWN AND‘ CO., LIMITED, CLYDEBANK. 


(For Description, see Page 397.) 











Fig. 13. Micuet, Tarvst Block wira Cap Removep. 
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Fie. 15. Low-Pressurk and Reverse TURBINE with CONDENSER BELOW. 


Tue PourcHAsE or Surrivs Arro MATERIAL.— 
With reference to the announcement which appeared. in 
the Press regarding the large trangaction in British 
aircraft, the syndicate interested is the Aircraft Disposal 
Company, Limited, by whom the following announce- 
ment has been made, ‘The sale by the Government of 
all its surplus aircraft material, engines, spares and 
acessories was completed at the end of last week. We'did 
not purchase direct from the Government, but we have 
now taken over the whole of the benefits and liabilities 
of the purchasers. The company which comprises wide- 
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Fic. 14... _Dousn# HeticAL Spur WHeEet ror REDUCTION GEAR. 





iB OD Hs 
again 
Rypart.. «Sct 
y 80 j 














spread British interests, has been specially, formed, to 

on the whole of the work previously, undertaken 
by the Ministry of Munitions. in disposing ofthe surplus 
stocks of heavier-than-air, machines | and, equipment: 
Offices have been taken in Kingsway and, as. rapidly as 
possible, the o: isation will remove, there from. the 
present Disposal Board offices. .The,.,.whole . of. the 
storage organisation and the management of the, large 
aircraft ‘ all over the, country, will pass into,our 
control. The Disposal Board, since;the armistice, have 
sold large numbers of machines, but,.their potential sales 
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Fre. 16. Diarnraam For Low-Prussure TURBINE. 
> s 
have been very much handica) by their limitation to 
i hin oe ion y.of the 


selling machines as they stand. — of ines 
for. disposal are quite new, but, in | ér to ensure that 
e machine, ine, accessory and 6 
He Kom: detailed inapectio will take . place, before 
delivery, and.certificates of airworthiness: will be ,given 
for all-machines sold,, Messrs. se poops $74 8 Limited, 
are members of the syndicate, and om Leave pay oem 
advantage of their experience.in aircraft m Fs. y 
eS ee and be our.sele agents 
for the disposal of the material.” 
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, HIS MAJESTY’S BATTLE CRUISER “HOOD.” 
CONSTRUCTED BY MESSRS. JOHN BROWN AND OO., LIMITED, CLYDEBANK. 


(For Description, see Page 397.) 











Fig. 3. THe ** Hoop” steamiIne at CRUISING SPEED, 
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GEARED TURBINES OF H.M. BATTLE CRUISER “HOOD.” 
CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LIMITED, CLYDEBANK. 
(For Description, see Page 397.) 
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Fic. 5. View or One Set or TURBINES TAKEN FROM THE FoRwARD END. 

















Fia. 6. Hossine oNE OF THE HELICAL PINIONs. 
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GEARED TURBINES OF H.M. BATTLE CRUISER “HOOD.” 


CONSTRUCTED BY MESSRS. JOHN BROWN AND ©CO., LIMITED, CLYDEBANK, 





(For Description, see Page 397.) 























Fic. 7. Vrew or TURBINES AND GEAR CASING TAKEN FROM THE AFTER END, 























Fig. 8. MicnHett Tarust Biock ror “Hoop” anp Parts. 


IN THE FOREGROUND A SIMILAR BLOCK FOR A DESTROYER 
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THE PENALTY OF RETICENCE: 
THERE is no doubt that much of the trouble in 


ignorance. The great idea of people “ getting 
together,” as the saying is, has this at the back of it, 
the benefit possible from a better-mutual under. 
standing. The laudable attempts now being made 
teed |p industry fowards a rapprochement between em- 
ployers and employees is the result of a realisation, 
all too recent, that classes of the community have 
been, for many years, undergoing a restricted form 
of education, in which stress has been laid on one 
or two particular points to the detriment of the 
sense of general balance and proportion. In the 
admission of labour representatives to various 
boards the benefit should be common to both 
parties. J. is extremely easy to criticise when 
one has only one side of a case to go on, and the 
party which talks loudest soon gets a strong follow- 
ing among people unable to get their information 
from better sources. It is much more difficult for 
a man with any conscience to make a strongly 
biased argument when he has been compelled by 
his position to face the real, and not imaginary, facts, 
of the other side, The dissemination of real facts 
is, therefore, a safeguard. Further, to the em; 
ployer the position of the average worker should 
i | become more familiar, for, in spite of all, in all great 
‘|industries a gulf inevitably arises as enterprises 
grow, between the employer and the workers. It is 


‘a matter of deep regret that this is unavoidably so. 


There are few labour troubles where the works are 
small enough for the employer to know his men 
personally. But with prosperity extra business 


this | keeps the employer more to the office, attending to 


administration, while the foremen gradually step 
in between. The gap widens as time passes and 
business increases till the bulk of the men are all 
but unknown to the manager, who comes ‘to be 
regarded by the men, not as one of themselves, but 
as @ man apart. Then, unwittingly, the suspicion 
arises that the latter cares no longer! for his, men, 
but mainly for himself, and the seeds of discontent 
are sown to spring up later into all sorts of troubles 
400 | @bout wages and hours and conditions of working. 
It is this suspicion, bred of ignorance, that Sir 
Erie Geddes considers to be at the root of much of 


1] our transport difficulties to-day. At the inaugural 


meeting of the Institute of. Transport held on 


1 | Monday last in the theatre of the Institution of Civil 


Engineers, the Minister of Transport, fittingly first 
president of the new Institution, made this the theme 
of part.of his address. Sir Eric Geddes'reviewed the 


33 attitude of the country, before the war, towards our 


423) great transport systems. At that, time the . rail- 


426 ways, whatever action they. took, were regarded 
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with suspicion. They were held to be huge capitalist 
organisations of which the profits went still further 
to enrich the wealthy. They were considered to be 





so bailly managed that it was deemed possible for any 
Seeiienadia capable of pointing out numberléss 


economies. It was said that redundant ser- 
Hess Spyhn Wo be curtailed, yet, when the companies 


|| began to group themselves together to effect operat- 
ing economies, the plans met with most vehement 


Opposition. “The demands ‘of labour were ‘con- 
stantly out of all’proportion to the net profits on 


| the‘ capital’ ifivested’in ‘railways, and it is only 


recently that labour leaders have been brought to 
see the hecessity of some correlation in this direc- 
tion.” This condition ‘hasonly been ‘arrived at by 
placing béfore the unions the exact finaticial 
position of the undertakings. If the divulgénce of 


| stich facts ‘réally ‘tends’ to ‘sweep away some of the 


unrest, by all means let us have morg of it ¥ wherever 
possible. 
Sit Eric Geddes, we consider rightly, takes the 


|| matter further: ‘The railways have had the privilege 
|| of having their rates revised With a view to putting 


them once agaifi’oh ‘a sound footing—it does not 
matter for thé moment that ‘the present revision 


,|is not intended to be ‘final. As the railways are 
| semi-public sérvices operating under a form of public 
_| control, ‘the ‘Minister of Transport considers that, 


aout been granted this concession, the companies 
have no fo obfedtion to having the other terms 
of the Virtual contract revised concurrently. It is 
quite properly pointed out that in return for rate 
revisions the public ‘has every right to ask that 
the railways shall be conducted as economically as 
possible, and shall provide the best service possible 


¢ | for the traffic. 


Under the present system of control the Ministry 
of Transport is fie the’ centre of this economic system. 
It is a perfectly fair ideal to make the Ministry thus 
answerable to the public for transport, though this 
development is, it must be admitted, fraught with 
dangerous ‘possibilities, The Miitistry’ should be 
able, if it is to warrant its expensé, to save a good 
deal to the country by co-ordinating services, by 
diverting traffic to suitable routes, éncouraging 
economical developments, &@. Although there were 
many cases where the highest ideal was not reached, 
we all Jearnt the importance of co-ordination during 
the war, and none better than those engaged in 
railway transport. But what guarantee is there 
that. the Ministry of Transport will work whole- 
heartedly with this one endin view.. We have not 
now the same stimulus behind Government depatt- 
ments as existed during the war, and it will be very 


difficult as time goes on for anybody, even with the 


driving force of the present Minister, to keep so huge 
a department from following the common course, 
and instead of being an active and beneficial force in 
the affairs of the country, becoming little more than 
a drain on its resources. 

Recently a revised form of railway operating 
statistics has been published, and Sir Eric, in asking 
for this fuller information, says ‘that it is by these 
that the railway system will be judged as to whether 
or not the publie is receiving the economically 
sound service, it -has a right. to expect. For 
many years before the war we were among those 
who were anxious to see information of @ more 
useful character given yearly in connection with our 
railways. There is now some possibility of getting 
it, and we hope that with this additional knowledge 
the confidence in the good management of this 
huge national industry, will be restored. Sir Eric 
also now claims that the chaos, of which we 
have heard. so much. of late, does not exist, and 
that the railways have lately broken all previous 
records. It may be they have, but such astatement 
alone will not elear up the delays and difficulties 
which have beenso prominent in the last six months. 
We must have more than statements in explanation, 
and need something constructive. We believe the 
management of the railways to be sound, If it is 
the boards have nothing to lose from publicity. 
It is only the muddler who cannot face the placing 
of facts before others. His fear arises either because 
he does not know whether his methods are good, or 
because he, cannot get at real figures. Such men, 
as Sir Eric says, had better get out and leave the 
work to others. 

We need hardly point out that this talk about 
publicity cuts both ways. The public has.as much 
right to demand that the frankness which Sir Eric 
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expects to be ungrudgingly granted by the railways, 
shall also be characteristic of his own department. 
The Ministry of Transport, is costing the country a 
pretty penny. Whatis there to show for it—mainly, 
at present, a long list of high salaried officials. It is 
early yet, of course, to pass final judgment. Some 
have only lately been appointed and have not 
properly got into their stride, but on the whole the 
public knows mighty little about what this vast and 


expensive organisation is doing. It will be recog- |i 


nised that in order to evolve sound and permanent 
policies for such big things as our road, railway, 
canal and port systems, a great deal of information 
is necessary, and this must take time to collect ; but 
it is none the less true that the more this Ministry— 
which is such aninnovation in our country’s policy— 
takes the public into its confidence, laying its cards 
on the table, and letting it be known what moves it 
is making in the game, the more likely will it be to 
secure public support. If, on the other hand, 
information is reserved for its own files and any 
attempt is made to keep facts from the country, 
or if, through arrogance or carelessness, suitable 
opportunities of publishing accounts of its work are 
allowed to slip, the country will not be slow in 
condemning this expansion of bureaucratic control. 
The new Ministry has to justify itself before the 
national bar, and publicity with regard to its 
activities will help it more than secrecy. In these 
two years it has to make good or it will commit 
suicide, 

The new Institute of Transport, as an agency for 
ventilating transport matters and discussing prob- 
lems, should have a prosperous future assured to it. 
The interests are vast, ahd the*transport business is 
in the hands of a class of men which ought to make 
anything but a success an absolute impossibility. 
The new body has got a good start and we trust 
that it may soon arrive at a position of authority 
in the transport. world corresponding with the 
interestsinvolved, May its activities and enterprise 
ever increase. 





THE WEAR OF DIESEL ENGINES. | 

THE only way to completely dissipate suspicions 
of unreliability and exaggerated rumours of operating 
difficulties is by the dissemination of accurate 
and definite facts of performance. With any new 
type of prime mover ‘a certain amount of uphill 
work is inevitable, and must often be borne éxclu- 
sively by the manufacturer and those responsible 
for its inception, development and marketing. In 


the case of the Diesel engine these remarks probably 


apply more potently than to any other prime mover. 
Within the last few years the Diesel Engine Users’ 


Association, in the publication of its papers dealing 


largely with questions of Diesel engine operation, 
has accomplished most important service and has 
assisted all who have the interests of this type of 
machine at heart by the propagation of information 


relative to Diesel engine operation. This naturally 


lies most fully in the power of the user to collect. 
The latest paper read before this Association, 
** Notes on the Wear of Diesel Engines,” by Mr. 
Jeffrey Porter, A.M.I.C.E., Past-President, contains 
a very considerable amount of useful data. The 
most important section is that dealing with the 
wear of cylinder liners, and concerns primarily that 
type of engine which is not fitted with a crosshead, 
but where the trunk type of piston not only serves 


to keep gastightness, but also takes the side thrust 


due to the obliquity of the connecting-rod. Records 
of dimensions at several points in the liner at 


various periods in the life of an engine, without 
full particulars as to the nature of the duties and of 
contribute towards 
wear, would be of little avail, ‘but in this connection 


the other conditions whic’ 


the paper under discussion is not found lacking. 
All the various factors which enter into thie question, 


except the metallurgical consideration of the type 


of materials in contact, have been carefully stated. 


As would naturally be expected, the wear is greatest 
in way of the top rings, the duty of which is to 
and also at 
that part of the cylinder where the side thrust of 


obstruct the gases at high 


the piston is a maximum. 


In Mr. Porter’s experience, loss of compression 
occurs when the line of diameter is increased by 


about 0:05 in. at the | point of maximum wear. 


The wear found by the author is of the order of 
from 0-02 in. to 0-03 in.,’and sometimes slightly 
paterbacg Be oF of running, and a very interest- 
ing. point.is brought out that in many cases the 
of the cylinder is greater parallel to the crank- 
haft (that is, fore and aft) than at right angles 
thereto (i.e., athwartships). -Phis is quite 

to what would be expected, and is explained by the 
fore-and-aft movement of the. crankshaft,-due to 


the rate of wear is found to become slightly greater. 
In the case of one four-cylinder engine, @ rise in 
the rate of wear was measurable at a position on 
the inner surface of the liner, corresponding to the 
band ‘on ‘the cylinder through which the liner is 
pressed: It is suggested liners should. be 
renewed when the wear for cylinders up to 18 in. 
diameter exceeds 0-1 in., and for larger cylinders 
0-08in. Arising from the measurements given in 
the paper, it is deduced that liner wear is influenced 
chiefly by . the following considerations :—The 
percentage of ash-content in the fuel, the quality 
and quantity of the lubricant supplied to the 
surfaces in contact ; the method of lubrication and 
the fitting of the pistons and piston rings in the 
liner. 

On the subject of quality of material, it is fully 
realised that this must play a very itnportant part, 
but this consideration lies outside the scope of the 
present article. Cases are on record where a very 
abnormal rate of wear has been attributable to the 
unsuitable nature of the materials of which the 
rubbing surfaces were made. The metallurgical 
aspect of the question of suitable grades of cast 
iron for piston rings, liners and pistons, has too long 
been neglected, but is now the subject of con- 
siderable research, and it is hoped thereby that rot 
only will wear be considerably reduced, but that uni- 
formity of results can more definitely be predicted, 
It is, of course, preferable that the piston rings, 
rather than the liner, should wear, since the former 
can more readily and most cheaply be renewed, 
Considerable data are given by Mr. Porter on the 
subject of piston wear in way of the piston-ring 
grooves, and in regard to piston rings as well. The 
formulation of definite laws, as a result of these 
data, is hardly possible, although an examination 
of the various measurements goes to show that the 
accuracy in the machining of these parts, as origin- 
ally supplied in the case of the engines under dis- 
cussion, was of a remarkably high order. This 
remark applies generally to all the particulars given. 
Some of the figures relating to bearing wear, crank- 
pin and valve wear are extremely interesting, and 
are stated with a due regard to the various factors 
which enter into the question. Altogether, Mr. 
Porter’s paper must serve to give confidence to 
those contemplating the adoption of the Diesel type 
of prime mover, as showing that with reasonable 
care and the requisite high degree of workmanship 
in construction, and with intelligent operation, 
comparisons can confidently be made with other 
types of prime movers working within very much 
lower temperature limits and lesser pressures. 





METEOROLOGY AND THE WAR. 

Tuat the meteorologist may, together with the 
engineer and the chemist, claim to have had his 
share in deciding the war fortunes will perhaps be 
conceded. But few of the people who listened to 
the two lectures which Lieutenant-Colonel E. Gold, 
F.R.S., delivered at the Royal Institution on the 
first two Thursdays of March, were probably aware 
to what extent the Meteorological Section of the 
Army influenced the hour of gas attacks and aero- 
plane flights, the laying of guns and operations 
generally. In the early months of the war the 
Meteorological Office sent its advice from London. 
When the gas attacks commenced in 1915, a meteoro- 
logical section was established near headquarters at 
St. Omer. Stations behind the front were connected 
by telephone with chief stations further off, and 
these with the central station; forecasts and 
directions were. issued 4 hours in advance; the 
distribution of the messages took about an hour, 
so that the wind direction and force, temperature 
and humidity of the air, &c., were generally known 








for 3 hours in advance. 
stated definitely—-all by 

should be applied to ballistic calculations with 
respect not only to the surface winds, but also to 
the winds to be expected in higher strata. In the 
northern section of France the work was to a.certain 
extent complicated by the fact that the range of hills 
extending south-east from Calais to Albert and 
further inland gives rise to a gravitational wind, 
of which the allied forces were able to make good use. 

Various methods were used. to determine the wind 
and other meteorological. elements, Small pilot 
balloons of rubber were generally sent up of such 
weight and lift as to rise at the rate of 500 ft. per 
minute ; the height at which the balloon would be 
after a certain time was thus known, and that 
facilitated theodolite observations. These had 
originally required one observer and one calculator, 
the latter filling up his sheet within an hour ; that 
period was shortened to 20 minutes, and the work 
was very hard. The theodolites, originally: fitted 
with prisms for vertical observation, were provided 
with mirrors for the less exacting observation in a 
fairly horizontal direction. The balloons were often 
frozen stiff, and the men had to warm them on their 
bedies. For night observations the balloons had 
to carry lamps, and the staff had been surprised to 
receive Chinese lanterns from London in November, 
1915, and had joked that the time for Christmas 
illumination had not come yet ; but the lanterns had 
answered, and several men had invented their 
own lanterns, as they had generally improved 
apparatus. A small lantern (with candle) sufficed 
for tracing a balloon at a height of 14,000 ft. 
Nephoscopes had also served for cloud and wind 
observations. The late Professor Bertram Hopkin- 
son had devised a method of studying winds above 
the clouds by means of anti-aircraft-shells and aero- 
planes. A. French officer had dropped explosive 
charges from a balloon at known intervals, observers 
down below noting the moments at:which the reports 
of the explosions arrived at different stations. Such 
methods. called for somewhat elaborate calculations, 
but they had answered well on the whole. . Drift in- 
dicators, and kite balloons, fitted with anemometers 
other instruments and telephones, had further been 
used; care had to be taken, however, lest the 
anemometer be influenced by the body of the balloon. 
Various forms of thermometers, meteorographs and 
hygrometers were specially devised to suit war 
purposes, 

An immense material was thus collected, mostly, 
of course, under difficult conditions and not always 
with the desirable accuracy, and that material 
would carefully have to be analysed. The forecasts 
at tle front, Dr. Gold stated, had generally been 
good. His figures proved that the effect of wind 
on projectiles is underrated, and that with certain 
wind directiéns and speeds it would be useless to 
send out aeroplanes and airships which could not 
return to their origin. Though Dr. Gold had much 
of interest to say on the results obtained, however, 
the general circulation in the atmosphere remains 
too complex a problem to admit of being summed 
up in a few sentences. 





NOTES. 
RatLway ELECTRIFICATION. 

Ir is difficult to exaggerate the importance to the 
nation of the work which'lies before the committee 
recently appointed to report to the Minister of Trans- 
port on the question of railway electrification. 
This committee, which met on Monday last, is com- 
posed of Sir Alexander Kennedy (Chairman), Sir 
John Aspinall and Mr. A. R. Cooper, representing 
the London Electric Railways ; Mr. Roger T. Smith, 
Mr. Philip Dawson, Sir Alexander Gibb, Mr. C. H. 
Merz, Sir Philip Nash, Sir John er yee Henry 
Thornton, representing the ilway Companies 
Association, while Major Redman is Secretary. The 
task of the Committee is to consider and report 5 
to whether any regulation should be made to ensure 
that future railway electrification schemes are carrie 
out with due regard to the interchange of electric 
locomotives and rolling-stock, uniformity of equip- 
ment, and other matters, and to decide what matter 
should be dealt with by such regulations, if desirable. 
To find a system suitable for general application 
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under the widely varying conditions which exist in 
different parts of the country will be difficult enough, 
but even this will be easy in comparison with a third 
point with which the Committee has to deal, viz., 
as to whether it is desirable to alter existing electric 
lines, and if so, to what extent, so that they may 
form parts of a unified system. The Committee, 
however, is an exceedingly strong one, and one which 
appears to us to be well competent to find the best 
possible answers to the important questions in- 
volved, Its report is, therefore, awaited with 
considerable interest. 


Orn versus Coat For Sure PROPULSION. 


There can be no question of the advance in 
popularity of oil as a fuel for ship propulsion, and 
this is accentuated by the difficulties arising from 
the reduced production of coal, its high price, and 
the probability that these two disabilities hitherto 
experienced with regard to oil will obtain with 
equal force in respect of coal. Following upon war 
experience, an increasingly large number. of ships 
have been fitted with oil fuel, and an interesting 
comparison was made by. Sir James McKechnie, 
K.B.E.,; atthe launch of a new Cunarder from the 
Vickers’ works at Barrow-in-Furness“on Tuesday. 
The ship was named the Scythia, and the fact that 
it is forty-five years since a Cunarder bore the same 
name, led Sir James to make a comparison as to the 
fuel economy of ship propulsion since that time. 
He stated that in 1875 a hundred tons of cargo 
required the consumption of 17 lb. of coal to convey 
it I mile on its ocean voyage, whereas the new 
Scythia, travelling at the same speed as the old 
vessel, would only require about 4 lb. of coal or 
about 3 Ib. of oil fuel if used in boilers. He contended 
that even geared turbines with oil fuel was but 
another stage, and not finality, in the evolution 
of the marine engines, and hoped soon to see the 
day when internal-combustion engines would be 
regarded by shipowners as capable of application 
to higher-powered vessels of the ocean type. The 
oil consumption for conveying 100 tons of cargo for 
a mile would then be only 1} Ib. of oil fuel. He 
added that “ when one reflected on the millions of 
tons of cargo continuously in transit on all the seas, 
the saving which would be effected by the adoption 
of the internal-combustion engine would amount 
in a year to millions of tons of fuel. Apart 
altogether from the monetary advantage, there 
would result a better conservation of fuel, which is 
the main source of mechanical power.” The 
Scythia has a length of 600 ft., a beam of 73 ft., and 
a depth of 45 ft. The gross tonnage is 21,000 tons, 
and accommodation is to be provided for 2,600 
passengers. The double reduction geared turbines 
with which she is to be fitted are designed to generate 
12,500 shaft horse-power, giving a speed of 16 knots. 
Amongst several notable features is the fact that 
the steering gear is of the electro-hydraulic type, 
and that the windlasses and capstans will be driven 


by the same power. A Sperry gyroscopic com is 
to be installed. ui oo 


RESTORATION OF PRE-waR PRAcTICES IN WorkK- 
SHOPS. 


In a recent issue reference was made to the 
decision of Lord Sands, the Scottish Judge of 
Munitions Appeals, in the case of James Prentice 
agains, Messrs. Wm. McPhail and Sons. The 
terms of the judgment have now come to hand. 
During the war the firm introduced female labour 
on light core work, and they still retained three 
women on that work. They had not employed 
women on such work prior to the war, and had 
therefore departed from their own pre-war practice, 
and they were prosecuted for failure to restore their 
pre-war practice. They pleaded that there was a 
pre-war trade practice of employing female labour 
on such work, and that, therefore, although they 
had departed from their own practice by intro- 
ducing women on ‘the work, they had not departed 
from the trade practice. The Munitions Tribunal 
at Glasgow held that a trade practice within the 
meaning of Section 1 sub-section (1) of the Restora- 
tion of Pre-war Practices Act is the practice pre- 
vailing in the particular establishment in question 
and not ‘the practice prevailing generally in a 
trade. The firm appealed, and Lord Sands 
reversed ‘the’ Tribunal’s judgment and sent the 


case back to the Tribunal in order that it 
might determine whether there is any rule, 
practice or custom obtaining in the brassfounding 
industry against the employment of women at 
light core work, The judgment, which states the 
legal position very clearly, is as follows; “ Section 1 
of the Restoration of Pre-war Practices Act, 1919, 
provides (1) Where, in any establishment to which 
this Act applies, any rule, practice or custom 
obtaining before the war in any industry or branch 
of an industry (hereinafter referred to as a trade 
practice) has, during and in consequence of the 
present war, been departed from, the owner of that 
establishment shall be under an obligation, at the 
expiration of two months from the passing of this 
Act, to restore or permit the restoration of the 
trade practice so previously obtaining. . ... 
This provision, it will be observed, deals with 
something which has been departed from, and 
which has to be restored. The question which 
here arises is, ‘ What is that something?’ ~ It is 
not any rule, practice or custom obtaining before 
the war in the particular establishment, but it is 


war in any industry or branch of an industry. 
in order, therefore, that the provision may be 
called into operation it is necessary to show that 
a rule, practice or custom obtaining in the industry, 
or a branch of the industry, has been departed 
from. No other construction can, I think, be 


branch of an industry’ be read out of the section, 
and this is an impossible mode of construction. 
Iam unable to read the section as if it ran, ‘ Where, 
in any establishment to which this Act applies, 
any rule, practice or custom obtaining before the 
war in such establishment has, &c., &.’ If it 
were permissible to consider the presumed intention 
of the Act, as it might be if the expression were 
ambiguous, this would not, in my view, help the 
respondents. I apprehend it was the intention of 
the Act to prevent the employer from continuing 
a practice which, if there had been no war, would 
have been vetoed by general trade rule and could 
not have been introduced without a labour dispute. 
I do not think it wasintended to compel the employer 
to discontinue a practice which is consistent with 
trade rules, and which he might have introduced 
if there had been no war without incurring any 
trade veto.” 


ORGANISATION AT THE ForD Motor Works. 


In a general way engineers have an idea of the 
methods adopted at the Ford Motor Company’s 
works to secure the phenomenal output which 
they now have. A few details of these' systems 
were given in a paper read by Mr. Thomas Gorst 
before the Manchester Association of Engineers on; 
March 13. It will be readily understood that it 
must have been difficult for the author to prey ia 
into a few pages even the main features of this huge. 
organisation, with all its extreme specialisation, 
and the paper suffers from this, viewed as a con- 
tribution to technical knowledge. It is interesting to 
note that in the tool department alone at Detroit over 
3,000 men are employed. The whole organisation is 
planned to keep a steady stream of material and 
parts flowing through the shops, and a check is 
provided at every point on progress. At critical 
points of manufacture a three-days’ supply of the 
part is stocked to tide over emergencies which might 
interfere with the regular flow and so cause the 
whole organisation to break down. Hourly results 
are furnished to the workshop superintendent. 
The arrangement of the machines, &c., is fixed by 
the character of the operations, which often involve 
furnaces, &c., being in their proper place in the line. 
Chutes and conveyors of endless chain cradles 
handle practically all the material down the shops. 
Interdepartmental transport is effected by tractor 
and chassis trucks. The work is assembled on the 
unit system, the supply of all parts being carefully 
synchronised, and finally all units synchronised to 
produce the finished car. The unit moves forward 
progressively and operations are carried out on it in| 
regular sequence. In assembling the motor there, 
are 60 different operations, each with subdivisions. | 
Before the ve system was introduced: 





1,100 men turned out 1,000 engines a day. After] 
the adoption of the conveyor method, and the 


reached, unless the words ‘in any industry or| usual 


adoption of the profit-sharing scheme, 1,400 men 
finished over 3,000 motors daily. The . 
assembly, as is known, is done on a con the 
various parts being added at determi —— 
from sub-assembly supply stations. When all has 
been added the car has arrived at the testing station, 
where it is run on to @ floor in which there are four 
V-grooved wheels below the floor. The rear wheels 
of the car are between these and 
driven forward. clutch is let in and the 
is driven by this means. To switch-on and 
adjustments are all that is needed for, 
motor to start upon its own. After adjustmen 
the car is ejected from the rollers by @ pneu- 
matic ram, and is driven off for a’ rum under 
observation. The conveyor system is 


FE 


ee 


any rule, practice or custom obtaining before the | it i 


moulders by conveyor, and the sand sa 
ting in the floor to be returned to 


with the result that with a working force of 41,000 
only about 7,500 now relinquish the service of 
the company during the year. A deal has 
been written about the work of Dr. Mead, the 
company’s chief medical officer, and the training of 
disabled ex-service men. There are now 10,000 
men disabled to a r or less degree in the works 
all doing work which is economically justified. This 
has been attained by carefully selecting the job to fit 
the case of disablement, and the results are as 
commendable for patriotic reasons as they have 
proved satisfactory to the company. 





THE INSTITUTION OF NAVAL 


ARCHITECTS, 

THE spring meeting of the ion of Naval 
Architects commenced on Wednea¢ 11,30 a.m., 
at the Royal Society of Arts, A the Earl of 
Durham, ident, occupying the chair. 


REPORT OF THE COUNCIL. 

The proceedings opened with the presentation 
of the council’s report, which stated that 288 
members of all classes had been admitted to the 
Institution during the preceding twelye months. 
The financial position was satisfactory, but. the 
margin of receipts over expenditure was reduced. 
Owing to the liberality of several firms, 15 scholar- 
ship funds were administered by the Institution. 
It was hoped that further development in this 
direction would ultimately enable one scholarship 
in naval architecture, and one in marine engineering 
to be established at each university centre..._The 
Elgar scholarship had been aw to Mr, W. G. 
Green ; the Cammell Laird to Mr. H. T. R. Biles, 
and the Parsons scholarship to Mr. W. G. Simmons. 
The Earl of Durham prize had been awarded to 
Mr. W. G. A. Perring. 

The council was of the opinion that the, Bill 
promoted by the Institution of Civil i f 
the registration of Civil i would be, in, its 
present form, injurious to the status and interests 
of Naval Architects and marine Engineers, and it 
was decided to oppose it, The council has under 
consideration the question of examinations in 
addition to ical training as qualification for 
membership of the Institution. A report was 
recently issued dealing with the training of appren- 
tices. The Marine ineering Committee had 
obtained the unification of rules governing the 
design and construction of boilers and. their 
accessories ; these have been approved by the Board 
of Trade, Lloyd’s Register, the British Corporation, 
and Bureau Veritas. The Institution had been 
on the Advisory Committee of the 





Board of Trade, the British Engineering Standards 








418 


ENGINEERING. 





[Marcu ’26, 1920. 








Association, Imperial College of Science; Technical 
Cothmittee Lloyd’s Register, Conjoint Board of 
Scientific Societies, the National Laboratory 
andthe Froude National Tank. It is oe oe to 
hold # summer meeting in Liverpool on July 6 to 8 
this year. 

The annual gold medal for 1919 had been awarded 
to Dr. J. Montgomerie for his paper on “ Further 
Experiments on Stress Determination in Flat Steel 
Plates.” The annual premium had’ been granted 
to Mr. ©. LR. Cam , R.C.N.C., for his paper on 
*The Development of Airship Construction.” 


ELEcTion of OFFICERS, . 


It was then announced that the following had 
been.elected to the Council: As Members of Council : 


» Professor T. B, Abell; Mr. A..J. Campbell; Mr. 


M.: BE. Denny, ©.B.E. ; Mr. J, Hamilton. Gibson, 
0.B.E,; Mr. D. B.. Morrison; Mr. .R. L. Seott ; 
Mr. J. Smith; Sir J. E. Thornycroft, K.B.E.; 
the Right Hon. Lord Weir. As Associate Members 
of Council ; Sir Kenneth Anderson, Bart., K.C.M.G. ; 
Sir Alfred Booth, Bart.; Sir A. K. Wilson, V.C., 
O.M., G.C.B, 
Orvi Enornners’ ReorstraTion Brix. 

Sir J. Fortescue Flannery then rose to refer to 
the above Bill now before the House of Commons. 
He wished to emphasise the importance of the 
question from the point of view of nearly every 
member of the Institution who was practising in the 
profession. It did not so directly affect the 
members who were shipbuilders or contracting 
engineers, but it did affect vitally, and at the root 
of their livelihood, all engaged in professional work. 
The Bill proposed that unless a man were registered 
under the egis, selection and control of the Institu- 
tion of Civil Engineers he could not legally practice 
as an engineer. There was no desire to prevent 
the Council of the Institution of Civil Engineers 
from proposing legalisation and registration of their 
members; but the Institution of Naval Architects 
desired, and was legitimately entitled to desire, 
that an institution which, like theirs, had been in 
existence for half-a-century, should not be deprived 
of the right of selecting and registering its own 
members. That was the essence of the matter. 
The members of the Institution of Naval Architects 
did not think that they should have to go to another 
institution to be legalised in the practice of their 
profession. He hoped his remarks would emphasise 
the vital importance of the question, and that each 
member would do something in the matter; for 
example, by writing to his Member of Parliament, 
or in some other way calling attention to the matter, 
and arranging that justice be done to an old and 
time-honoured Institution. 


PRESIDENTIAL ADDRESS. 

The Earl of Durham then delivered his presi- 
dential address, which he opened by referring to 
the prosperity of the Institution. During the past 
four or five years, in spite of the great war, this had 
been steadily maintained, notwithstanding that it 
had been deprived of the assistance of many of its 
important members, who had been giving other 
service ‘to their country. Conditions were now 
returning to the normal, and in the present and 
succeeding years thére was every prospect that the 
Institution would be able to hold itsown. Last year 
the Marquis of Bristol had mentioned the ship- 
building efforts in the yards on the other side of the 
Atlantic to meet the great danger to our shipping 
industry from the submarine warfare. The German 
menace, however, was how over, and was either 
swept from the seas or was lying beneath the waves 
at Scapa Flow, British industry and enterprise 
would help us once mon attain our former 
position of supremacy, but one thing was absolutely 
essential, namely, the commonsense of the British 
nation, which so far had never failed us in our 
history. It was, however, midsummer madness 
to assume that we could ignore all the tenets of 
political economy and all the hard facts of civilisa- 
tion; if we kept on such a course we should no 
longer be a thy or a progressive nation. High 
cost of living was @ cause of anxiety and unrest, 
but it was folly to suppose that high would 
counteract ‘hi 


prices tinless theré were increased 
production and unless the cost of that production 


were kept ‘within proper limits. During the next 
few years, in shipbuilding as in other industries, 
willing purchasers would be found for ships which 
could be’ offéred ‘at reasonable prices.’ But high 
‘wages and ‘diminished output would drive the old 
customers to foreign markets. There were some 
labour leaders who seemed to think that they could 
get better conditions even if this country had neither 
commerce nor exports. The hibernating bear 
could do without food because it lived on its own 
fat; the British lion, however, would very quickly 
starve. Unrest and suffering were the usual sequels 
of a great war, bat the remedy was not in revolution. 
He was ‘convinced that the great majority of 
Englishmen ‘would firmly repress any attempt at 
tevolution. ‘Direct action” was a phrase rather 
less offensive’ than “blackmail” or “highway 
robbery,”’’ but if it were intended to resort to the 
latter under another name the country would have 
none of it. "What labour suffered from was lack 
of time and opportunity for careful and calm 
consideration of difficult problems, and from 
mischievous propaganda. The men would greatly 
benefit by better educational conditions, and he 
would here like to refer to the education and training 
of apprentices in shipbuilding and marine engineers 
ing. If the nation were to regain its past pre- 
eminence in industry, effort would have to be even 
greater ‘than in the past. This effort would have 
to be sustained by the young men now going through 
their apprenticeship, and those coming behind 
them. If such were to succeed against commercial 
adversaries their intellectual weapons would have 
to be improved. A strong committee of the 
Institution had drawn up a schenie for the best 
means of improving the education and training of 
apprentices. That scheme was necessarily on 
broad lines, leaving the details to be worked out as 
best suited the various firms and localities. In this 
connection the speaker suggested that, after a 
reasonable time had elapsed, a paper should be 
read, or’a conference held, to show what progress 
had been made. Of course, in some cases obstacles 
would be raised by the trade unions, but such, 
it was hoped, would be overcome, and the trade 
unions themselves might be brought to see that 
their own prosperity was bound up with that of 
industrial progress. If it could be shown that 
industrial progress depended on the education and 
training of apprentices, either such obstacles would 
be removed or alternative methods adopted to secure 
the same end. 

Lord Durham also referred to the scholarships 
in naval architecture and marine engineering which 
had been successfully established, owing to the 
generosity of some of the principal shipbuilding and 
marine engineering firms, as an inducement to 
apprentices to devote more energy to the pursuit 
of knowledge. A selective method was to be 
adopted in order to bring forward those from whom 
great things might be looked for, not only for the 
benefit of their careers, but for the benefit of the 
industry in which they were engaged. It was 
generally desired that apprentices in every trade 
in the country should be-encouraged, and that every 
young man, whatever his position, should be given 
the fullest opportunity of advancing himself in life. 
The number of candidates had not been as large as 
was hoped, but perhaps when greater publicity 
had made these scholarships more widely known, 
more encouragement would be afforded to those 
under whose charge the apprentices were working. 

He would ask the members present earnestly to 
further in every way tKey could the education 
of the young apprentice, and he concluded with the 
expression of a hope that, in these difficult and 
parlous times, every single member of the Institution 
would remember that he, or she, could, by their 
individual example and sympathy, promote the 
welfare and prosperity of the country. 


H.M.S. Hoop. 


The first paper to be taken was one by Sir Eustace 
@’Eyncourt entitled “H.M.S. Hood.” The paper, 
which we reprint on page 423, was read by its 
author, . In course of his reading Sir Eustace 
stated that the Hood was now on her trials, and 





that the estimated figures given in the r had 
been exceeded. She had steamed.32-07 ay the 


engines giving 150,000 h.p., and the propeller revolu- 
tions being 206. When fully laden she had steamed 
31+9 knots, so that the legend speed of the original 
design had practically been secured with the addi- 
tional armament as ‘built. 

Admiral the Right Hon. Viscount Jellicoe opened 
the discussion. He congratulated Sir Eustace 
d@Eyncourt both on his paper and on the com- 
pletion of the finest fighting ship in the world. Sir 
Eustace had shown great courage in the adoption 
of the ‘bulge in the early part of the war, and the 
Navy owed much to him and to the constructiona! 
department of the Admiralty for what had been 
done in connection with it. There were one or two 
points on which he would like to ask questions. 
In the United States recently he had seen models 
of the proposed new battle cruisers and noted that 
the bulge was carried right up to the bows. He 
was told that tank experiments proved this ‘con- 
struction to give improved speed as compared with 
starting the bulge further aft and would ask Sir 
Eustace’s opinion on the matter. Another question 
was what weight was saved in the Hood by the 
adoption of smal] tube boilers? In 1910, when he 
was Controller of the Navy, Sir Charles Parsons had 
advocated small tube boilers, and he, Lord Jellicoe, 
had asked the opinion of many shipyard people 
on the matter but had received no encouragement. 
Finally, on the question of the retention of the 
capital ship, he thought all interested in ship con- 
struction would have read the recent report of the 
Board of Admiralty with relief. He thought in 
agreement with the report that the day of the capital 
ship was not yet finished. 

Constructor-commander E. §. Land, of the 
United States Navy, the next speaker, said that the 
Hood represented a sort of climax in warship design. 
If he might criticise he would say that he would 
have liked a little more deck armour and a little less 
side armour, also a little more protection in the 
turret tops. The gun elevation of 30 deg. he also 
thought might usefully be more. As a minor point, 
he was somewhat amused by the number of different 
types of engine arranged for driving the dynamos. 
On the other hand, he thought the sloping of the 
armour and the arrangement of the conning towers 
was excellent, as also the arrangements for ventila- 
tion, He was glad to see the abandonment of the 
hand steering gear. This should have been done 
long ago. He thought perhaps the most flattering 
thing which could be said about the Hood was that 
it was difficult to say if she was a battle cruiser or a 
battleship. As imitation was the sincerest form of 
flattery, he would conclude by saying that the 
Americans were copying the Hood. 

Sir Philip Watts was the next contributor to the 
discussion, his remarks being read by Sir William 
Smith. He first referred to the small tube boiler 
which, he stated, he had advocated for years. If 
the Tiger had been fitted with such boilers she 
would have had the speed and the protection of the 
Hood. Turning to the question of underwater pro- 
tection, Sir Philip said that for the early Dread- 
noughts Lord Kelvin had proposed .a method of 
protection with outer compartments but Lord 
Fisher ruled it out as the weight involved was too 
great. The method of outer. water compartments 
was all right when space was available, and in early 
designs of the Tiger such spaces 6 ft. to 8 ft. wide 
were provided. The method was good against the 
cruising effect of a torpedo as it gave a good space 
for it to explode itself in. The only real difference 
between the Hood and earlier ships was that the 
long bulkhead was not vertical, The idea of the 
bulge appeared to be to keep the explosion outside 
the ship, but if it was sufficient now it would not be 
sufficient for the larger torpedoes which were 
already being made. The essential features of the 
bulge existed in all modern ships and the protection 
it gave was not the same as that given by a torpedo 
net. The bulge was part of his ship, but he thought 
it. would be possible to make a rigid shield to be 
lowered from the ship to deflect or explode a torpedo. 
There was a point in connection with the lower 
armoured deck of the Hood which he would also 
like to refer.to. This deck came flush at its edges 
with the lower edge of the main side armour, A 
projectile from above penetrating the deck would 
a or reach a vital part of the ship. If the pro- 
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« Achilles heel ” of all ships was often in the neigh: 
bourhood of the rudder and propellers, but such 
positions had usually escaped damage in the war 
for some reason. 

' In connection with the weight saved by employing 
small tube boilers, the best way of stating the matter 
was that one obtained 30 per cent. more power with 
the same weight. With such boilers on the Repulse 
and Renown one could almost have added another 
turret. In reply to Commander Land he would say 
that since the ship was first designed the proportion 
of armour in the decks had been increased. There 
was now good protection. He was glad the Com- 
mander liked the turrets. They were expensive 
articles, and weighing 600 tons, were difficult to 
deal with. Sir Philip Watts’ criticism he had not 
time fully to deal with, but could not agree that the 
bulge was not an advance on which we had before. 
Its advantage was that an explosion could take 
place upwards and outside the ship proper. It 
saved the integrity of the inner bulkhead. He 
thought it-very desirable to keep an explosion away 








tection were divided between two decks a projectile 
arriving above the level of the side armour and 
penetrating the upper of the two protected decks 
would probably explode between them and not 
reach @ vital part. 
Mr. C. E.. Stromeyer said he would like to ask if 
the Hood would tilt if she were hit by several 
torpedoes. The question of the protection of vital 
parts was one of the chief points of the ship, and he 
would like to compare her from this point of view 
with the Royal Sovereign. Considering the main 
structure of each ship as a box girder, one had the 
side plating forming the main vertical members of 
the girder in the Hood. Outside these plates there 
was the bulge, which did not materially contribute 
to the strength of the girder. In the Royal 
Sovereign the heavy plating forming the main 
vertical members of the girder was inside the hull, 
with a compartment between it and the outer skin 
corresponding to the bulge. The result of the Hood 
construction was that the side plating rested-on 
much longer cross beams than the corresponding 


and then when the war came they had: begged, 
borrowed and stolen :ideas: from e ‘ 
had, asa .result, obtained'a great deal. of credit 
which was not rightly theirs. He thought the 
British boats better than the German in practically 
He had no quarrel with the 
ship, .but ‘he thought the 


= 


The author was regarded as a real friend by sub- 
marine officers. Similar sentiments were held in all 
the yards:‘he had visited, and he thought much more 
credit should be given to the author and his work 
in connection with the British Navy than so far had 
been accorded. 

The meeting then adjourned. 


Net Experiments rv CONNECTION WITH 
Svupmarrmve WARFARE, 


plating in the Royal Sovereign, with consequently a 
weaker form of construction. He had given some 
attention to the protection of ships against torpedo 
attack in 1912, and as a result of experiments 
decided that the best construction was to have the 
thick plate inside the thin one, as in the Royal 
Sovereign, and not outside asin the Hood. If the 
outer plate were thick and it were destroyed,, there 
was @ fair, chance that flying fragments might go 
through the thin inner plate. With the thin plate 
outside, this was less likely to happen. The second 
form of construction had been adopted in the Royal 
Sovereign. He was sorry bulges had been intro- 
duced, as they did not make for strength. 

Captain Chatfield said that as a member of the 
Admiralty staff he would like to add his tribute to 
the work which had been done by Sir Eustace 
d’Eyncourt. It must be remembered that although 
the Hood was a war product, she was not the 
product of all our war experience. She was origin- 
ally designed before the Battle of Jutland, and if she 
was to be criticised should be criticised from the 
point of view of her design. All ships were com- 
promises, and one had to consider for what purposes 
a ship was designed. The question of speed had 
been emphasised as being a great thing in warfare. 
It was said that speed gave one the choice of range. 
It was doubtful, however; if this was true. In 
ninety-nine cases out. of one hundred the weather 
determined the range, and once inside that range a 
ship with plenty of speed but not too much protec- 
tion migbt not be very comfortable. We had some- 
times built ships with too much of one. thing and 
not enough of another, but he thought it was now 
better realised that compromise was necessary. 
Naval officers must take a fair share in the respon- 
sibility for design. If a design was a failure it was 
quite possible that it was due to naval officers not 
saying, or not quite knowing, what they wanted. 

Mr. Archibald Hurd, the last speaker in the dis- 
cussion, said the real naval lessons of the war were 
known only to naval officers, and the determination 
of future design could not be safely undertaken 
until the results of those lessons had had time to 
crystallise. The Hood was the finest ship which 


and we were on the path of great developments. 
There was danger in rushing ahead before all we 
had learned had been appreciated, and in deciding 
for instance that the day of the capital ship was 
dead. One should not be too ready to drop the old 
to seize the new. 

Sir Eustace d’Eyncourt, replying to the dis- 
cussion, thanked the various speakers who had 
spoken kindly about the Hood, He, for his. part, 
would like to pay tribute to his staff, and particu- 
larly to Mr. Attwood, without whose splendid sup- 
port the work could not have been done. In refer- 
ence to Lord Jellicoe’s question about the carrying 
of the bulge right}forward, he thought perhaps we 
should re-arrange our ideas about thé bulge. The 
bulge was part of the ship and was not something 
stuck on. The name was, perhaps, a bad one, and 
blister was perhaps worse. The carrying of the 
bulge forward could, of course, be done, but such 
Protection in that part was not so important. If 
some forward compartment was broken into, the 
effect in general would not be so serious. The 





from the upper works of the ship if possible. It 


had the great advantage over any form of loose 
shield, that it was part of the ship and did not 
demand a lot of care and attention from the officers. 


GERMAN SUBMARINES. 


The second paper taken was one entitled “ Ger- 
man Submarines,” the author being Mr. A. W. 
Johns, R.C.N.C. This paper is reprinted elsewhere 
in this issue of Enarvzrrme. The firet speaker 
was Rear-Admiral D. L. Dent, who is now in charge 
of the submarine work. He stated that he was not 
properly a submarine officer, and had only recently 
t duties, but had been asked to 
speak by Admiral Sir R, Hall, who was formerly in 
charge of the submarine work. His remarks were 
nal than a technical character. 
The Germans built their submarines for a notably 
different purpose from that which we had in view 
in designing ours. Theirs were built for the purpose 
of attacking trading vessels, and, therefore, no real 
There 
appeared to be a tendency to underrate the work 
done by submarines, It had been stated that with 
high speed a ship was practically immune from 
torpedo attack. He considered that a dangerous 
theory to rely on. The Germans concentrated their 
attack on our trading vessels, leaving our war vessels 
During the war we had built the 
largest and the fastest and the heaviest torpedo- 
armed submarines in existence. Here the work 
poe of a large out- 

hand, the building 
of submarines constituted the main national effort. 
The results we had achieved could not have been 
attained without the efforts of Mr. Johns. He 
considered the proper relation between the designer’ 
To 


taken on his 


rather of a 


comparison was possible with our craft. 


practically alone. 
was carried on as merely one 


put. In Germany, on the ot 


and user most essential to the success of a ship. 
get good results both had to work together. 8 


in one class we had 36 cylinders to an 
faster boat. 


He 


possi J o ~+¢ P 
Commander E. Land (United States’ Navy), said presentation 


On reassembling after the luncheon interval a 
per was read by Mr. G S. Baker entitled “ Model 
iments in Connection with Submarine War- 
fare,” This paper will be reprinted in a subsequent 
issue of ENGINEERING. It dealtin a very interesting 
manner, with a. series of experiments representing 
submarine attacks on nets, carried out at the 
Experimental Tank, Teddington, to the order of the 
Boom ‘Trial’ Committee. The e: con- 
sisted of tests made with a model representing a 
modified E class submarine, one-eighteenth full size. 
The nets and floats were worked out to scale, and 
records were taken of the tension put on the jack- 
stays under various conditions of attack, and on the 
effect on the vessel. in attacking at the surface and 
at various depths below the surface, direetly at right 
angles to the net or partly sideways. Indicator nets 
were also the subject of experiment, and « great deal 
of work had been done at the Tank in connection 
with a satisfactory towing float for these. Mr. 
Baker sup) his paper by some interesti 
lantern slides which were parts of cinematogra 
films showing the behaviour of a submarine on 
striking a defence net. These views showed the net 
deflected by the impact, and the submarine being 
brought to the surface till its bows were quite out 
of water and it was inclined upwards at between 
40 deg. and 50 deg. 

The only speaker on this paper was Sir Eustace 
d’Eyncourt, who said he hardly felt competent to 
say much, but he had the privilege of seeing some 
of the experiments and of conferring with the author 
in re: to the work. He considered it one of the 
most interesting papers they had had; it gave an 
insight into the interesting work done at the Nationa} 
Physical Laboratory. It was hardly et for 
anyone to appreciate that work without having seen 


ym- | something of it ‘and the difficulties involved, diffi. 
pathy must also extend to the building yards. 


This sympathy existed in a marked degree between 
the author and the officers of the submarine service. 
Proof of the confidence the officers had in Mr. Johns 
was given by the way they took to sea the boats 
built under war conditions with a minimum of test- 
had been designed since the capital ship arrived, | ing. 
Sir Eustace D’Eyncourt paid a tribute to the 
exhaustive character of Mr. Johns’ paper, which 
enabled them to draw valuable conclusions. He 
thought the Germans had the advantage over us 
in the use of the large cylinder. They had adopted 
300 h.p. per cylinder, while we had, for. certain} 
reasons, confined ourselves to the standard 100 h.p.' 
per cylinder. This was mainly due to the need of 
rapid construction over here; but it meant that 
engine, while 
the corresponding German type of boat had only 12. 
In spite of that, however, we had produ the 
It was most satisfactory to hear that 
the users were pleased with the boats they had to 
work, and in which they had to take such risks. 
thought it most satisfactory that so many-| g 
officers who had fought in the war had come to the 
meeting of the Institution. It was most valuable 
to have their views now it was. possible to air them, 
and such exchange of views made great progress 


culties, for instance, with regard to fixing the scale 
for the wire of the nets, and other similar points. 
The results obtained had been most useful to them 
at the meunge Slat wing pow he igre 
effective means of combatting the submarine, That 
was only one of a number of researches carried out 
at the National Physical Laboratory for the Admir- 


ing; these further proceedings will be dealt. with 
in our issue of next week, 


Tae AynuaL Dovner. 
The annual dinner was held’on the evening of 





feature of the evening was the 
a loving cup by the Institution to 
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Monsieur L. E. Bertin, President of the Association 
Technique Maritime. In making the 


presentation | 
the Earl of Durham referred in apt terms to. the 


friendship and. common work which during recent 
years had drawn France and Britain closer together. 
The toast.of the “ Mercantile Matine ”’ was rroposed 
by Sir Thomas Mackenzie, High Commissioner for 
New Zealand, and responded to by Sir Joseph 
Maclay, Controller of Shipping. The final toast 
was “ The i ” proposed by Mr. Alexander 
Richardson, M.P. The president’s reply was the 
final item in an enjoyable evening. 


(To be continued.) 





THE LATE MR. JAMES: GAYLEY. 

We regret to. have to announce,.the death which 
oecurred on Feb 25 last of Mr, James Gayley, 
first Vice-President of the United States Steel Corpora- 
tion. He was born at Lockhaven, Pa,, on October 11, 
1855, and in 1876 began his professional career as a 
chemist at, the Crane , wf Company, Catasauqua, Pa. 
Mr. Gayley then took up an appointment as Superin- 
tendent to the Moussouri Furnace Company, a position 
which he resi later to undertake the management 
of the blast furnaces of the E. and G, Brooke Iron 
Company, Birdsboro, Pa. In 1885 he took charge of 
the furnaces of the Edgar Thomson Steel Works, at 
Braddock, Pa., which were owned by Carnegie Bros. 
and Company, and which, subsequently, became the 
Carnegie Steel Company. He was afterwards 
of the entire Edgar Thomson plant, and in 1897 he 
was given the ition of Director of the 

ie Steel pany. While at the Edgar Thom- 

son Works he was t iret wn instal ohatging bine for 
Serer enptaerale a the Nast Sveneeme, sep. B8 Shee ut 
own. the first. compo condensing engine for supply- 
ing air blast to afurnace, At the ore docks of the Car- 
negie Steel Company, on Lake Erie, he built the first 
mechanical ore unloader, and designed a vessel adapted 
to the use of such unloaders. Mr. Gayley made many 
owe contributions to the progress of metallurgical 
i try, and among some of his inventions may be 
mentioned the bronze nonlng plate for blast furnace 
walls and the au stand for holding the ladle while 
the Bessemer heat is ing poured. 

He also introduced the “ dry air blast,” for which he 
was well known on the Continent. This latter inven- 
tion was reckoned as probably the most important 
since Neilson's application of the hot blast in its 
relation to the reduction of iron ores. One of the chief 
causes of variations in the working of a blast furnace 
and of the inequality in its: product is found in the 
greater or less percentage of moisture in the blast, but 
this had been accepted as inevitable until Mr, Gayley 
conceived the idea of drying the air by removing the 
moisture from it by refrigeration, the dried air current 
then passing to the hot blast stoves, and from them 
into: the furnaces. The result is an important fuel 
economy with uniformity of furnace product, the ee 
bei she i RA 


" 


ut 20 per cent, At the meet the 

and. 1 Institute in America in 1904. ir. Gayley 
read a paper on the “ Application of Dry Air Blast to 
the Manufacture of Iron” (see Ex ING, vol. 
Tastitute el Mining and Metallangion! Megaseee payors 
Institute of Mining an urgica 
on the “ Development of American Blast. Farneves, 
with Special ce to Yields,” and 
Preservation of the Hearth and 

of tbe American laptivuie of Mining and’ Metallurgy 
of the Ameri titute i ; 
he was a plo of the Iron and Steel Thstitute since 
1888. When the United States Steel Corporation 
was formed in 1901, Mr. Gayley was made first Vice- 
President, @ position Which he held until 1909. In 
1912 the University of Pennsylvania and Lehigh Uni- 
versity conferred upon him the poomrn fm, en 
Doctor of Science ; in, 1906\he, was a the Elliott 
Cresson medal, and in 1913, the Perkin medal by the 
Franklin Institute of Philadelphia. 





THE PHYSICAL SOCIETY OF LONDON. 
At the meeting held on March 12, 1920, at the Imperial 


Coll of Science, Professor W, H Bragg, F.RS., 
president, in the chair, a paper mA n of Gases 
tn the Dlectric Discharge Tube’? wap read by Mr. F. H, 


NPs Pail tide a haieenleat iowiniy inal eticay 
pa am showi t - 
tidnced stiengeartahed place in the dlechaten tube when 

i potassium are used as the ie 


amount absorbed for different quantities. 
electricity pain in the circuit is measured and is leas 
than that a by the sodium It 


shows.¢iso. thas whee the-slloy:is ascd the amount of gaa 


a with temperature, 
ttie referred to the taal of the phenomena 
om photo-electrie cells. He asked if it was possible to 





er 


absorbed more than either metal sngorntels was possibl 
a e tension phenomenon. @ compound an 


He had found that when a discharge in 
between iron electrodes a good deal of hydrogen 


was emitted. If the discharge was s this was re- 
absorbed the sduanen’ hoon continued 


mena was probably 
different effects. For instance, if 


the volatilised films had not been at atmospheric pressure 
after volati ion, the fact that they absorbed while the 
non-volati metals did not, might be accounted for by 


the latter ha’ retained gas i them f absorbed while 
joy pepe» sone - pre while the former 

a unconteminated surface. It was further possible 

t the thickness of the sodium and potassium layers 

the results. As the anode and cathode 

ets; will this not depend on the relation between the 

numbers tive and negative ions present? The 


of 
hor shys t is no time effect. Does he mean by this 
that. rate will go on, say, for 50 or 60 hours at 
rate 
r .-F. J. Harlow pointed out that the films of sodium 
and potassium 


were redistilled on silver. Might there 
not be under these circumstances, the alloys 
and not themselves, possessing the absorptive 
tan the author used a lime Syren a ith 
this it was possible to get a very steady discharge from 
the lighting vol . 

Mr. B. P. thought we were here dealing with 
problems which Langmuir and others had worked out 
at some h. Some recent work of Dr. Norman Camp- 
bell showed that, with suitable discharge conditions, 


compounds of almost any two elements could be formed. 
The, essential thing was to remove the products of the 
reaction in some way so as to keep a clean surface. 

Mr. rn reply, said ay a it was not - 4 to 
get a igh vacuum wi drogen. ough it 
was cietaloedl er the alloy it was impossible to get rid of 
the last traces. The surface of the alloy must be very 
clean. When the discharge is in nitrogen the surface 

clean, the seum formed breaking up and going .to 
the sides of the tube, but with by snopes a@ black scum 
forms which requires to be mechanically removed by 
shaking the tube. As regards the constancy of the rate 
of absorption, he could not give actual figures, but the 


| pepe go raga g ary Me fede same time. 
He agreed that it would be difficult to ve t the 
sodium and potassium films had not alloyed with the 


silver. He had not tried a lime cathode, but had got 
very steady discharges by using the type of Wehnelt 
interrupter, which he had recently shown to the Society. 

A pe on “A Directional Hot-Wire Anemometer,” 
was by Mr. J. 8. G. Thomas. 

The instrument consists of two fine platinum wires 
mounted close together, and forming two of the arms of 
a Wheatstone bridge. These are heated by the currént 
in the bridge. When a stream of gas moves in a direc- 
tion perpendicular to the wires but llel to the plane 
containing them, the leading wire is cooled, while the 
second wire, being shielded by the first, is not cooled as 
much, and may actually be heated on account of the air 
flowing past it being warmed by the first wire. A 
deflection of the galvanometer is obtained, therefore, 
which is reversed if the flow of gas is in the reverse direc- 
tion, The instrument is much more sensitive than the 
non-directional hot-wire anemometer. 

Dr. Ezer Griffiths said he had been working with hot- 
wire anemometers recently, but they required somewhat 
complicated . It is assumed in working out the 
theory that 7 oy ol of gas is parallel to the axis of the 
tube. What happens if this is not so owing to the 
proximity of bends ? 

Dr. Tucker said he had used a hot-wire anemometer 
for impulsive and alternating flows. But the hot-wire 
inevitably produces its own direct current due to convec- 
tion. He had found the curious result that the sensitivity 
for alternating currents could be increased many times 

increasing the strength of the direct current to which 

wire was © . .Had the author attempted to 
increase the sensitivity by reducing the diameter of the 
wires? The sensitivity rose very rapidly as the diameter 
was reduced. 

Dr, E. H. Rayner asked if experiments had been made 
with different dimensions to see if the of usefulness 
be increased. He thought the velocities in gas 
mains would usually be much greater than 4 om. per 
seeond, which seemed to be about the maximum useful 

with the present instrument. 

. F, E. Smith said he was not convinced by the 
euthor’s explanation of the: first wire being further 
eooled, due to the ximity of the second hotter wire. 

eatggested a simple iment to prove whether or not 
this cooling actually took place. 

Dr. Borns asked if all the experiments had been in coal 
gas. 

Professor Rankine asked if difficulties to 

wires not remaining in the fene aos Poy Sy 
ne would expect ing to occur, and the two wires 
seseepanity Delgo in the same direction. 

Dr. D. Owen suggested that there might be some 
advantage in this respect if grids were used instead of 
} "Dr. L. Hopwood said the author was to be congratu- 
lated in finding a directional instrument which was more 
i Ey ya ® non-directional one. Direct peomee: 
ments could be ects by 
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made on the convection current 
@ vertical flow. In one direction the con 

would assist the flow, and in the other would be 
it, 





ao h complete absorpti pbodmem ie vacuum, 
orif there was a dissociation preaere gas in 
equilibrium with the metal, e fact that the alloy 


. T. Barratt (communicated): I have read Mr. 
Thomas's interesting paper with much pleasure. His 





of the more or less intricate phenomena 
involved are convincing and simple. In one particular, 
however, the facts can be Hots ained more simply as 
well as more accurately. iation- from thin wires, 
even at moderately high temperatures, forms a very sma!! 
| mee ge of the total heat lost. ‘In the case of Mr. 
homas’s anemometer wires, this percentage is probably 
less than 5, and certainly less than 10 if the wire is “‘ bare *’ 
—-i.e., slightly soiled by exposure to air, &c! That is to 
say, nearly all the am lost. by convection. Anexplana. 
tion of the observed facts can be made, however, without 
any assumption of radiation’ at all. Assuming that 
nearly all the loss of heat is due to convection, “ free ”’ 
or “forced,” the. air reaching b from the difection of a 
is considerably warmer than the rest of the gas. Hence 
the convection from 6 (which strictly obeys Newton's 
first power law) is considerably reduced, resulting in a 
hi for the wire b. At higher velocities 
of the cooling fluid the air from a reaching b is not so 
warm, so that 5 is cooled more than at low velocities. 
The. remaining explanations can follow on the same line 
of reasoning. 

The author, in reply, said that as regards disturbed 
stream lines, King’s investigations showed that the 
turbulent condition could be better investigated with hot- 
wire anemometers than by other types. In the gas works 
theinstruments are fitted far pended sor One important 
point was that owing to the proximity of the wires the 
zero reading is much more constant than with the 
ordinary non-directional type. With regard to the points 
about convection currents mentioned by Messrs. Tucker 
and = gig Stan thea been made with vertical 
currents. e tried, the experiment suggested b 
Mr. F. E. Smith, and had verified the fall of Semnperature. 
He had used currents of air, carbon dioxide, oxygen, 
hydrogen and other gases. With hydrogen, methane, &c., 
the instrument with bare wires cannot be used at all, 
but the wires can be coated with glass without reducing 
the sensitiyeness. It is this type that is used in the 
works. The wires getting out of line was certainly a 
difficulty, but he was getting over this by mounting 
them in such a hw f that they would always be kept taut. 
If time permitted he would try a grid arrangement as 
suggested by Dr. Owen. In reply to Dr. Rayner, he was 
attempting to develop the instrument for higher velocities. 

Dr. Hans Pettersson exhibited and described a new 
microbalance. 

This instrument, which is sensitive to a few millionths 
of a mi » is constructed entirely of quartz. Its 
special feature is that no knife edge is employed, the beam 
being suspended by two very fine quartz fibres. 

The exhibitor gave an account of some interesting 
physical problems, which the instrument was being 
employed or about to be employed to solve. 





ROYAL METEOROLOGICAL SOCIETY. 

THE usual March lecture of this society was delivered 
on Wednesday, the 17th inst., at the rooms of the Royal 
Astronomical Society, Burlington House, by Captain 
C. K. M. Douglas, F.R.Met.Soc., the subject being 
“Clouds as Seen from an Aeroplane.” The president 
\«! the society, Mr. R. H. Hooker, M.A., was in the 
chair. 

A large number of photographs of clouds taken from 
an aeroplane were shown on the screen, nearly all of 
which were taken by the. lecturer while flying in co- 
 erccewag with the Meteorological Section, "RE. in 

rance, in 1918 and 1919. The primary objett of the 
flights was+¢o obtain the temperature in the upper air for 
the artillery and for forecasting, and advantage was 
taken of the opportunity to study cloud structure and 
its relation to the upper air temperature and humidity, 
and to the general meteorological conditions. The 
observations were made at Berck, on the French coast, 
20 miles south of Boulogne, which lies close to the most 
important aerial routes. The photographs showed a 
la variety of cloud forms, and also some changes 
which took place in short periods. A number of the 
photographs showed thunderclouds. Thunderstorms 
are caused by powerful ascending currents, and the gape 
of the clou iw up to a great height, frequently 
exceeding 20,000, ft. It is almost impossible for an 
aero to climb above them, but it is nearly always 

le to dodge them. Sometimes the tops of the 
thunder clouds stand out boldly from the lower clouds, 
and the pilot of an aeroplane who climbs up to about 
8,000 ft. and flies above the lower clouds can see the 
thunder clouds a long way off and fly round them. 
Frequently, when the weather is overcast and gloomy 
there is brilliant sunshine within 1 mile or 2 miles of the 
ground, and the clouds viewed from above present 4 
splendid ‘acle, With the development of civil 
@viation, increasing opportunities of viewing cloud 
scenery will present themselves. 





Overszas Tovrntnc Exursition.—The Department 
of Overseas Trade pro to organise @ number of 
touring exhibitions of British manufactured goods to 


incipal commercial centres of the British Dominions. 
Bet pionbeny the Far East and the United States. 
A pamphlet containing full joulars may be obtained 


from the Department, 35, Old Queen-street, 8.W. 1. 





UMANIAN 4ND Danish Raitways REQUIREMENTS. 
_ The ent of Overseas Trade, 4, Queen Anne's 
Gate B Old Queen-street, 8.W. 1, has received 
ion concerning the requirements of the 
or Railways in locomotives and passenger 
They also require a 50-ton crane. — he 
Daniel Railwere are in the market for large quantities 
of railway bolts, spikes, clips, &c. 


MaRcH 26, '1920.] 


ENGINEERING. 








THE TRAINING OF NAVAL ENGINEERS. 
: | To Taz Eprror or ENGINEERING. 
Srm,—In, your article in last week’s issue, on the 





Naval, Estimates, you m imously avoided the 
‘‘T told you so.” attitude with ref at yaya oT 
in the First Lord’s statement, now issued as a ite 


Paper. In this document is foreshadowed a complete 
reversal of the policy, hitherto in vogue, for the training 
of naval engineers, and it relegates to the “‘ scrap heap’ 
nearly all t remains of the Selborne scheme which 
came into operation in 1902. 

As is well-known to all your middle readers, 
the Selborne scheme superseded the Key system 
of training naval engineer officers, and set up in its place 
the “ observational engineer officer."” Direct entry to 
Keyham College was stopped, and the only avenue left 
open for all naval officers was through Osborne. All 
were to have a common —s Le grea included) 
until @ specified age was reac , and then a proportion 
of the young officers were to specialise in engineering 
and b , as stated, ‘‘ observational engineers.’’ The 
Selborne scheme did not state parvhing as to the methods 
for selecting the particular youths, and not a word as to 
whether these would be compelled to do duty in the 
engino-room. Another peculiar feature was that these 
‘ engineering ’’ officers were to be interchangeable with 
their. brethren on the upper deck for ordinary. deck 
duties so that they might not lose their chances of promo- 
tion to command rank, All this neppeses eighteen years 
ago, but in the meantime slight modifications have been 
made which need not here be set out. 

As soon as essional experts had assimilated the 
details of the Selborne scheme it was keenly and con- 
sistently | criticised. by engineers. 

The ission has come at last that the Selborne 
scheme of training naval engineers has broken down. 
The First Lord states: ‘‘ Osborne College is to be closed, 
and the large amount of time which was previous! 
devoted to engineering is to be curtailed . 





shipmén after one year at sea’ are to be permitted to 
volunteer (italics are the writer’s) for ing and to 
be given ial engineering instruction. -lieutenants 
(these will be 20 years. of age) to be to specialise 
in engineering, 0 selected to be turned over to the 
engineering branch, and to stay for the remainder of their 
eareer in that branch.”’ 


The last clause in the preceding sentence is a con- 
fession of failure on the part of the Admiralty to make 
the Selborne scheme a success, and therein rests the 
victory of those who prophesied its failure. It is a 
notorious fact that the evergreen Lord Fisher of Kilver- 
stone was the author and fashioner of that historic 
document. Lord Fisher, in his much-discussed volume 
“Memories ’’ says ‘‘ My full idea of Osborne was, alas, 
emasculated by the schoolmasters of the Nation!”’ 
There is a true Fisher touch about this cryptic sentence. 
Faeed with failure, he attempts to place the blame on 
the schoolmasters. No one knows better than he that 
outside his own little band of followers the innovation 
was hound to fail. Engineers are not, and never have 
been, made in that way. In another place he also 
confesses that a majority of the Board of Admiralty 
at that period (1902) were against his views, and yet, 
he persisted. His latest stunt is to “‘Sack the lot,” 
meaning, of course, the t Government, for what 
he considers its wasteful expenditure, but he says nothing 
about the hundreds of thousands of taxpayers whose 

oney has been dumped into the river Medina in a Mad 
Hatter’s scheme to attempt to make ‘interchangeable 
observational engineer oOfficers’’ out of harmless in- 
offensive young gentlenién, all of whom wanted to be 
admirals. 

This brings me back to the magnificent stand which 
ENGINEERING made on this vexed question. It was 
mainly in its pages that professional opinion found an 
outlet, and it speaks much for the restraint of those who 
guide its destinies that the last week’s issue contained 
no signs of the jubilation which is felt by those who 
“stood for the right,’”” and who have been proved to have 
been right in the attitude which they assumed on this 
dangerous and expensive experiment. 

At the risk of occupying more space than can in these 
days be spared, reference should be made to the italicised 
words in this letter. The Admiralty having bungled 
over the Selborne scheme appears to be about to drift 
on to another lee shore of failure. Mr. Walter Long, 
in his statement, observes that “‘ Midshipmen are to be 
permitted to volunteer for engineering . . . and 
that sub-lieutenants are to be permitted to specialise 
in engineering.”” No one at the Admiralty is so un- 
sophisticated as to believe that the young men who go 


to Dartmouth College, are all ¢ to be engineers. 
As plain matter of fact none is this. As stated, 
and the Admiralty know this in @ way than I, the 
average boy who elects to join th does so with 
the very laudable hope that in the of time he will 


stand upon the bridge of a p a6 the captain in 
command. In his boyish d small blame to 
him—engineers are an inferior breed, and yet an innocent 
First Lord puts his signature to a state document which 
says that these youths are to be permitted to specialise 
as engineers and remain as engineers for the remainder 
of their service lives. The whole thing is a farce, pure 
unadulterated farce, but the seriousness of the situation 
arises when the question is asked: ‘“‘ What is to become 
of the Navy ifthe new scheme also turns out to be a 
failure?" “It occurs to the writer, who knows a little 
of Navy ways, that “ its’ will never be required, 
or, if so, the number will be negligible. The view of the 
Present writer is that someone’s face has to be saved, 
and that the present urbane First Lord has been turned 
on to let some of his gilded forbears down easily. This 
> I think, the true interpretation of Mr. Long’s state- 
mt. 





Well-wishers of the Navy would despair were it not 


for the fact that the authorities have in training on the}! 


Indus and Fisgard the real stuff for the naval engineeri 
personnel of the future. Let the Admiralty modify 
the eating, cersioniam and improve it along practical 
lines and the lads now in training, and those who will 
follow them on the vessels named, will prove the salvation 
of those who have ey the present time laid impious 
hands upon one of the great professions. State u- 
ments do not make engineers, and the quicker this simple 
truth is learned the better will it be for the Nation. 
Yours fai y; 

Eprror, ‘‘ Nava, Encingerine Review.” 

14, Heidelberg-road, Southsea, March 22, 1920. 





“HE DEVELOPMENT OF METAL 
CONSTRUCTION IN AIRORAFT.” 
To THE Eprror or ENGINEERING. 

Srr,—In the yeprint of Major Nicholsofi’s very valuable 
paper on this subject, in ENcrngeerine of March 19, a 
comparison is made between the e imental charac- 
teristics of the various designs and their predetermined 
characteristics. It is very necessary that the designer 
shall be able to estimate with reasonable acc the 
failing loads of his spars, and in this connection I d 
like to draw attention to an error in the method of com- 
parison, the importance of which is perhaps not fully 
a 


test specimens were loaded laterally with two 
concentrated weights symmetrically s about the 
centre and with an axial load in addition. The ratio 
of the maximum lateral bending moment to the end 
thrust was always kept constant. Deflections were 


L its 
S.- 
fe .° 





(6290) Load Factor. 


measured and the stresses actually calculated from these | 


deflections, a curve of stress against load factor being 


thus obtained. 

In caleulating a theoretical stress curve the Pe 
formula for a uniformly laterally-loaded strut is wd. 
and it will be seen on reference to Major Nicholson's 
figures that the ideal curve, as he calls it, lies everywhere 
much below the actual test curve. He advances several 
reasons for this, one being that the deflection under the 
two-point loading system is greater than under a 
uniformly distributed load, and hence the term P 6 is 
greater in the tests than it should be. The excess is quoted 
as about 5 per cent. or 10 per cent. The use of Berry's 
formule for this case is quite unjustifiable, and the 
greatest portion of the:discrepancy between the ideal 
and test res is, I think, due to its use, 

I have recently had « ion to ded the exact 
solution for the stress in a pin-jointed strut carrying two 
equal concentrated lateral loads, i.e., the condition 
of the test specimens. 

This solution is :— 


“F(c)te ive 


kr Pe fh nP 

oe ve oe 

where M is the maximum bending moment due to the 
lateral loads 


k is the ratio of the length between load points to 
the length of the strut. 

P is the a 

Qis the Euler failing load of the strut. 

A is the cross-sectional area of the strut. 

Z is the modulus of the section. 

nm is the load factor. 


To show the effect of spplying this correct formula, 
consider the standard curves L and 8 for steel, in Fig. 25 
of Major Nicholson’s , 

L is an experimental curve obtained from many experi- 
ments, while 8 is the ideal curve obtained by an applica- 
tion of Perry’s formula. 

From this figure and Table I in the paper the following 
particulars are extracted :— 





kr /nP\ 


2Vaq/ 
Q) 


P under unit load = 2-21 tons per square inch, 
A 


P under unit load 


= 0-0622. 
Q ; 
bi under unit Joad.= 1-9 tons per square inch, 
k = 0-6. 


Applying equatién (1) above the following results are 
obtained :— 


421 
n= 1-0 #0 6-0 9-0 
f = 4-29 20-10 34-5 66-51 


aE Se bd the true ont curve i! shows pect 
; with the experimental one. e anne 
shows this bande ov) also those of Fig. 25 in the paper. 
It be seen that the discrepancy is now very small ; 
load factor of 9 it is only 3 per cent. 

The other results in this paper ma: moquige similar 
revision, and I think then it will be found that great 
credit is due to the experimenters and designers in obtain- 


ing test which are so near to the, theoretical 
Tam, Sir, yours faithfully, 
A. J. Surron Preprarp. 
Gwydir 104, High Holborn, London, 


Chambers, 
W.C. 1, March 19, 1920. 





«RECENT ADVANCES IN’THE UTILISATION 
OF WATER POWER.” 

- . To THE aor Be f a, Rens 

, i t it. u i 4 

page S68) 0: letter’ fram) eetdads A: hateou,-0n the 

in Utilisation 


the Institution of 
i to which I would like to 
make the following observations. 

Professor Rateau appears to have taken exception to 
a footnote in the paper eee Bl Camerer’s book 
pr greg ** Grundriss | ta a rie ”’ — source 
of the information regarding term ‘specific s y? 
and he has put it the construction of attributing 
the authorship of coefficient to Dr. Camerer. 

May I poi Kar N gone in making this reference it was 


not in is manner but, in 


“specific power Cs” prior to the introduction of the 
coefficient N s, as it is a fact which 


f Spealt have only Tite 

prominent authors on this subject, 
attributed the conception of the term N ¢ to Dr. " 
To mention a few instances only, I would refer to 
the standard work ov the theory of water turbines by 
Professor Escher, of the Technical University in Zurich, 
as well as to Professor Zowski, of Michigan University, 
the latter writing in the Transactions of American Societ 
of Civil Engineers, rok Seepage S70. 00 feowe s “Te 
of classification on the 


was in 


assert’ pe attributes to Camerer 
the introduction of Ns, states that the nal idea 


1912 by Messrs. Dunod et Pi 
name of M. Solvatore in this connection. 

The coefficient Ce not to hydraulic 
engineers, but I venture to suggest that the reason for 
coupling the name of Camerer to the term of * specific 
speed ’’ by writers on this subject is to be found in the 
fact that the coefficient Ns has now been universally 
adopted as a basis for classification of modern turbines. 
It is to be observed that whereas the coefficient Cs 
refers to the power a r= turbine would develop under 
the unit head of 1 ft. when running at 1 r.p.m., the 
coefficient N« gives the speed of the turbine when 
operating under the unit head and developing 1 brake 
horse-power, and contrary to Professor Rateau’s opinion. 
I submit that the latter term has undoubtedly. a wider 
practical application for which reason, it es been 
ado es a standard in preference to the coefficient C s. 

The above explanations will no doubt suffice to show 
that as far as I am concerned, in referring to Dr. Camerer 


I have only followed the y ee idea as put 
i on the subject since 1908, 


forward b 
and which I believe not on any previous occasion 
been challenged by Professor Rateau. I am, however, 
wer that publicity, although late, has been + dred to 
fessor ‘s claim for Soak in publishing his 
ee Cs, from which Ns obviously sat’ beast 
erived, 


L remain, Sir, yours faithfully, 
Eric M. Berastrom,.A.M.1I,Mech.E. 
March, 23, 1920. 





Tue wate Mr. AvexanpeER TRAUTWEILER.—The 
Seine enieur und a pone nme “equ mourn the 
oss of ite distinguished and universal! on png rey 
Alexander Trautweiler, who died in Zurich on March 11. 
Born at Lunfenburg, ir the Canton of Aarau, in 1854, 
he was educated at the Technical High Schools of 
Munchen and Aarhen, and had his first practical work 
on the Gotthard Railway. After having been 
on the Pyreus Railway in Greece for several years, he 
returned to Swit and took part in the construction 
of the Brunig Railway, becoming later engineer to this 
line and the Lecce ition line at Luzern. Among his 
jects one of a Jungfrau railway and one for a 

ic power plant at Laufenburg, which is now to be 
carried out.’ In 1894 he went to Strassburg to take 
e the electrification of the tramways of the city 
and district. In 1908 he established himself as consulting 
engineer in Ziirich, and was elected secretary of the 
Swiss i and Architect Association in 1915. As 
such he was mainly active in standardisation work and 
always anxious to settle debatable points by ment 
without imposing avoidable rules, His death had been 





prece 'ed by a long illness, 
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INDUSTRIAL NOTES. | 
EMPLOYMENT in peste » say the Ministry 


prove 
ment in the state of emp t at iron and steel and 
engineering works, t 


engines trades. There was also an improvement 
in the shipbuilding trades. In ‘the building trades 
employment was considerably better than in January 
coil was good on the whole, bricklayers and carpenters 
being in especial demand. In other trades employment 
was generally and about the same as in January. 
It was little affected by disputes, Changes in rates of 


wages in February resulted in an increase of over | the 


72,0001. in the weekly wages of 370,000 workpeople, 
while changes in hours of labour resulted in an a 
decrease of 3 hours week for 178,000. wor 
The general level of retail prices of food other 
items (including rent) of i i- 
ture on March 1, 1920, 
pre-war standard of consumption, was about 130 
cent. above the pre-war level, or about the same as a 
month earlier. unions with a net membership 
of 1,539,032 reported 1-6 per cent. of their members. 
as unemployed at the end of February, as compared 
with 2-9 per cent. a month earlier and 2-8 per cent.. 
at the of February, 1910. This decrease was due 
mainly to the improvement in employment in the’ 
engineering trades as a result of the termination of 
the dispute in the foundries. In industries in which 
workpeople are insured against unemployment under 
the National Insurance . Acts, the percentage un- 
employed on February 27, ineludi i 
members of H.M. Forces claimi 

was 4-42. The corres percentage for 
January 30. was 6-10. Omitting the i 
and ironfounding trades, the tage 

on February 27 was only 3:35. The total number. of 
ex-service men and women in all industries claiming 
out-of-work donation on February 27 was 293,144, 
as compared with 377,116 on ye 30. The 
number of men on the live rs of the Employment 
Exchanges on March 5 was 351,018, or a decrease of 
92,067 on the total on ‘Fe 6;, the number of 
women was 52,907, or an inerease of 1,008 on the total 


of February 6. The number of vacancies unfilled on firs 


Mareh '5 was 32,625 for = and ee for poe | 
ing figures on 6 being 28, 
Want, Employment coment osye in Fe 


at coal, iron shale mines ; at tin mines it was fair, 


while at lead and zinc mines conditions varied in| Mine 


different nee At quarries ae aa good 
generally. t ig-iron in employment 
continued » and t was a further increase of six 
in the number of furnaces in blast, though the total was 
still 21 below that of a year ago. Consequent upon 
the termination the strike the iron foun pine 
towards the end of January, emp ° t at iron 
steel works im wed to good, ami thers wan alos a 
very substantial improvement in the state of employ- 
ment in the engineering trade, though there was still a 
considerable amount of unemployment and short time. 
In the shipbuilding trade emplo: t improved to 
on the whole. In the tin-plate a and most other 
of the i 


good at some ports to, slack 

at others. The number of trade disputes beginning in 
February was 122. In addition, 47 disputes which 
began before February were stil} in at the 
beginning of the month. The total number of work- 
people directly or indirectly involved in all these 
mr yew new or old, was about 110,000, as compared 
about 119,000 in the previous month, and about 
280,000 in Fe » 1919.. The estimated aggregate 
duration of all e disputes during the month was 
about 450,000 days, as compared with 1,793,000 days 
we 1920, and 2,316,000 days in February, 


bruary | Followin 


ey ie maseeh tek tin i ved the 


appro 
of payment results without, however, 
of Npetety aoe: ' The safeguards which the 


Federation has in view are said to be the following : 
(1) Where, by reason of the introduction of the 47-hours’ 
week, & wo is not able to earn on piece-work his 
previous remuneration on the same job, the employer 
a Se anna shekminlten j ts 
be made on the piece-work price for tjob. (2) That 
piece-work prices shal! be such as will enable a workman 
of average ability to earn at least 334 per cent. over 
t time rates. Piece-work prices once established 

Il not be altered unless the oo oe os manufacture 
arechanged. (3) Where prices are s t on account 
of the reduction, in hours the workman of average 
ability is unable to earn 334 per cent. over present rates, 
necessary adjustments shall be made. We are 
informed that the ineering unions are taking a 


verage | ballot on the question, the papers being returnable on 
ple. | April 28. 


Wages which make workers “ four-figure men” are 
ing earned in the South Wales ports and industrial 


per | districts, says The Liverpool Courier. Steel workers 


and coal trimmers are the plutocrats of labour, for 
numbers of them are teceiving pay which puts them 
Tallos dake ate earls corsine te tek wee 
t district are ly i a 
and in other centres leading steelmen easily earn 
from 1651. to 201. a week. Coal trimmers at Cardiff 
and Swansea stand in a class by themselves, Many 
of them earn from 800/. to 1,000/. a year. It isa poor, 
unskilled docksman who is not now getting 61. a week. 
Some of the boatmen at Swansea are earning as much 
doom bapehinng as to eek at most consistent workers 
earn anything up to 1,000/. a year. wages on every 
hand are at record Clerks are forsaking their 
usual oceupations to join in the rich, unskilled jobs 
going. 





A conference was held at Downing-street, on the 
18th inst., between the Government and the Miners’ 
Federation of Great Britain, on the claim for the 
national advance in wages of 3s. to men and ls. 6d. 
to youths referred to on page 388 ante. At the close, 
4 statement was issued according to which the Prime 
Minister suggested that the demand was one that, 
in his opinion, should be examined, at any rate in the 
t instance, by the Coal Controller, and also by 
the coal owners. The Federation agreed to meet the 
Coal Controller on the followin day, last Friday. 

this meeting with the . Coal Controller, 
Mr. R. can, Mr. Frank Hodges, secretary of the 
iners’ Federation, said the conference had not 
resulted in any change of position so far as.the miners 
were concerned. The matter was further considered 
at a long conference which took place last Tuesday 
between the Coal Controller and the men’s leaders, when 
the demand for the above-mentioned advance in 
of men and youths was refused by the Government. 
At the close of the conference, Mr. Hodges said the 
situation was a very serious one. He admitted. that 
the Coal Controller had made counter ' proposals, 
but he declined, on Tuesday, to give any particulars 
astothese. He added that the executive would report 
to the delegate conference on Wednesday, as to the 
negotiations which had taken pore it would then be 
for the delegates to consider t position and to arrive 
at a decision. At Wednesday's conference it was 
stated that the Government's offer was an advance 
of 1s. 6d. per day for men and 6d. per day for all workers 
under 16, or 20 per cent. on all wages other than war 
wage and “Sankey” money, the offer to take effect 
as from. April 1. The de to press for 


>} the full demand of 3s. and ls. 6d., this increase to date 
decided 


from March 1. They also to instruct the 


yment | executive to draw up a form of ballot per for sub- 


mission to the adjourned delegate ce, which 
latter took place yesterday. We shall report the 
Peak the eeealings in our next issue. Early in the 
week the South Wales miners s of insisting 
their original demand for an vance of 2/. per week 
to which we referred in our last issue, but at the time of 
writing we do not know whether they still maintain 
that demand. 





deat xii Atreemers ome pret Erratom.— 
© regret tat i error occurs in the 
footnote at the bottom of the first colesae cr naan sine 
in our issue. In the second line of this footnote the 
reference should be to “‘ pages 483 and 484,” instead of 
to “ 843 and 844” as printed. 

ON, 


_ Swiss Trape Exursirion.—The fourth Swiss Trade 
Exhibition will be held in Basle from April 15 to April 29. 
heed object of the exhibition is to promote the sale of 
Products on the home market and to encourage 
xport. ion can be obtained from 
ion (Commercial Department); the Swiss Bank 
Sorporation, London ; the London Agency of the Swiss 
r Railways ; and from the Swiss Consulates in 


~ 





momo 





Manchester, Liverpool, Glasgow and Hull. 





OIL-FIRED COOKING RANGES....,.;. 
ALTHovGH oil fuel has now heen in 
years for steam raising on-our naval:shi 
— for ees much agape x 
or several years the anoma ‘having: te 
woe eno hae ps igeygare bs ig or coke 

galleys existed on a n umber of vessels, 
oil fuel burning apparatus, ergs the Ac 
decided to experiment. with -oil-fin cooking galleys, 
and uently Messrs. Manlove, Alliott and ‘Go., 
Limited; of 41 and 42, Parliament-street, ‘Westminster, 
London, 8. W. 1, were requested to design and construct 
such apparatus. 

much experimental work, 






were 0 
Opposite page, shows a large oil-fired cooking. range 
comprising two ovens, a hot closet, two cooking 


boilers, a hot-water boiler and a hot plate,’ all of- 


bw are heated tape of ie tee es. 
is capa cooking or about 300 
men. Either crude Texas vil, shale oil, or crude Mexican 
oil may be used as fuel, the oil being forced into the 
gon og. tas The cleaned eat eae 
aq. e ven air: i 
: is maintained, ‘is 
visible in Fig. t; and it ‘will’ be noticed that the’ com- 
pressor is compactly mounted on a ¢ indrical air 
receiver, The oil container is filled from the main oil 
storage tank by means of a hand pump 
type. The air compressor,.jt.may be. mentioned, is 
fitted with an ing device for reducing the ly 
of air when necessary, as: for instance, after the whole 
range bas thoroughly heated up. 
is of the single-acting air-cooled typé, but the com 
paratively large volume of the air receiver is suffieient 
to eliminate any pulsation at the burners... Following 
Admiralty practice it will:be noticed that each furnace 
is fitted with two burners, only one of. which is used 
at a time, the other being provided as a stand-by for 
use in the event of one of the burners beéo: choked 
during cooking operations. The burners each consist 
of pA ee ygeny body ‘fitted with a steel nozzle and 
pro with separate connections for oil and air. 
For ses 9 fusca and air can be regulated indepen- 
dently y means of screw down needle valves. 
The oil consumption for erdinary cooking is about 
15 Ib. per hour in each burner. 

Ranges of the type above described have the obvious 
advantage that the dust and dirt, inseparable from solid 
fuel, are entirely eliminated. Smokeless combustion 
is obtained, so. that flues do not require frequent 
cleaning, and the cook’s work is still further. reduced 
by the fact that the burners can be started up in about 
15 seconds and the ovens and hot plate raised to cooking 
temperature in about 20 minutes. To start the 
burner it is only necessary to set the motor working, 
80 a8 to raise the air pressure in the receiver, turn on 
the air to the burner, place & piece; of lighted tow into 
the and turn’ on oil. The 
oif then ignites immediately without any . pre- 
liminary heating of the burner. ‘ Another very 
important advantage by oil fuel in’ com- 
parison with coal or coke is that, when the latter fuel 
is used, a considerable drop in oven temperature occurs 
each time the fire is replenished. . This drop. may 
range from 75 deg. to 100 deg. F., and the ‘proper 
temperature is not usually restored in less than half 
an hour. There are, of course, no such unavoidable 
temperature variations in oil-fired , but, at the 
same time, if it is desired to raise or lower the tempera- 
ture, the required regulation is obtained by opening 
or closing the needle yalve on the burner. 

A number of large of the type illustrated in 
Fig. arate app or land service in H.M. Naval 
Barracks, .where y serve the double purpose of 
cooking food for the personnel and: viding means for 
training naval cooks in their use. actual example 
illustrated was installed at Portsmouth, The largest: 


The ‘air compressor 


and most interesting marine installation, however, is 


that supplied by Messrs. Manlove, Alliott. and Co., for 
H.M.S. with the design and construction of which 
vessel we 


Admiralty 


8 itis fa. ctory results: 
and our illustration, Fig. 1. om the 


. 
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OIL-FIRED COOKING RANGES FOR NAVAL PURPOSES. 


CONSTRUCTED, BY MESSRS, MANLOVE, ALLIOTT AND CO., LIMITED, ENGINEERS, NOTTINGHAM. 








. 

















galley. This boiler was, in fact, made and tested with 
very satisfactory results, but, in order to give more 
space, it was afterwards decided to dispense with the 
separate boiler and use steam from the main boilers, 

The bakery of the Hood is equipped with an oil-fired, 
double-decked steam tube oven capable of baking 
250 Ib. of bread in a batch, the time taken to set, bake 
and withdraw the bread being about 50 minutes. On 
a trial of the oven in Messrs. Manlove, Alliott’s works 
it was found that a baking temperature ranging from 
480 deg. to 500 deg. F. could be reached in 4 hours 
without giving any attention to the fires; with coal or 
coke from 12 hours to 15 hours is usually required to 
raise the temperature sufficiently for baking. The 
bakery is also provided with an electrically-driven 
kneading machine, a dough trough and moulding table 
with proving drawers, The arrangements for supplying 
oil to the burners on the Hood are, in general, similar 
to those above described in connection with the land 
installation, except that a twin cylinder air compressor 
is used. Similar oil-fired cooking appliances are now 
being made, for all classes of merchant ships as well 
as for naval vessels. They are, of course, equally 
suitable for stationary use on land, in hotels and other 
institutions, as well as for restaurant cars on railway 
trains. The system of oil burning can also be 
employed with advantage in numerous industries in 
which stills, evaporators and boiling vessels are used, 
and another promising application is in connection 
With the heating of buildings by steam or hot water. 
In all such applications the convenience and economy 
of oil fuel in comparison with solid fuels are worthy of 
careful consideration at the present time when fuel 
and labour are particularly costly. 








oe or PropvucTion or Hetrum Gas mv AMERICA.— 
. ; Congressional Committee which recently 
mvestigated the question of the industrial produetion of 








helium gas now manufactured at plants at Forth Worth 
and Petrolia, Texas (which were built by the United 
States Government at a total cost of over 6,000,000 dols. ), 
reports, says The Board of T'rade Journal, that the 
present method of extracting gas is impractical owing 
to the heavy cost of operating the plants. According 
to this report it costs more to manufacture the gas 
necessary to inflate a dirigible airship than to build 
the ship itself, and the committee recommended further 
investigation into other possible methods of manu- 
facturing helium gas before any further money is spent. 


H.M.8. HOOD.* 
By Sir Evsrace p’Eynoourt, K.C.B., Vice-President. 


FoLLow1ne on the paper I read before this Institution 
last year upon ‘‘ Naval Construction during the War,” 
in which I gave a brief account of all the principal vessels 
designed and constructed during the war od, I now 
propose to give an account of H.M.8. Hood, which will 
complete the series of big ships designed and built for 
the Navy down to the t time. 

Apart from the smaller craft, such as destroyers and 
parece boats, of which an immense number were required 

uring the war, the t of vessel in which we were 
somewhat deficient in 1915 was the battle-cruiser. It 
was known Ms the sy cane — pallens ee very 
important ships of this t; inc os riflinger, 
Liitzow, Hindenburg, path exten to follow. Our own 
vessels were later to be supplemented by the Renown 
and Repulse, and there were the very large light cruisers 
Courageous, Glorious and Furious, but these three latter 
could not be regarded as battle-cruisers in the proper 
sense of the term. 

I therefore received instructions in 1915 to proper 
designs of battle cruisers, embodying the latest ideas in 

, &. A oon- 
were submitted to the 


ard to underwater tection, speed 

siderable number of i 

Board, but as there were no large berths available, it 
was not ible to place an order before the epring of 
1916, and in March of that year the Board selected « 
design of the dimensions given below to be worked out in 
detail and proceeded with. ‘This design formed the 
original basis for the design of Hood, pebte | the same 
length and breadth as the Hood, but of considerably less 
draught, viz., 25 ft. 6 in. normal and 29 ft. deep, with 
displacement of 36,300 tons on a length of 810 ft. between 
perpendiculars. The. boing was to be 32 knots, with 
machinery of 144,000 shaft horse-power. The armour, 
which was approximately equivalent to that of the Tigst. 
consisted of an 8-in. belt and 9-in, barbettes. The 
armament was to be eight 15-in. guns and sixteen 





* Paper read before the Institution of Naval Architects, 
March 24, 1920. 
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7 guns, together with two 21-in. submerged torpedo 
tubes. 
I een @ be nadgme the adoption in this of 


small-tube boilers, and these were ly uded 
for the first time in the design of a capital ship. This 
feature had the most influence on the whole 


design, on account both of the smaller space occupied 
and the reduced weight involved, as comparéd with the 


space and weight which would be necessary for the large- 
tube boilers which had hitherto been ado in all our 
big ships, including Renown and The first 


big ships, though cannot be regarded as capital 
ships, ts frees te ye a which had the small-tube 
— were the owe] Glorious -~ a, 
“— ign of was approv the Board 
in April, O16, cnt onder: were placed to build one shi 
each with Messrs. John Brown, Messrs. Cammell s 
and the Fairfield Company, the ships being named 


respectively Hood, Howe and Rodney. Subsequently - 


an order for a fourth ship, H.M.S. Anson, was 
with Messrs. Armstrong. 
SS eee ae Semaeeeente Gat en Petie of Satna tock 
on May 31, . , eet - 
ees of ent eae Sane Fe formes ee 
sideration of the design of the Hood, which had only 
Tastz I,—Leading Particulars of H.M.S. Hood. 


Length bet perpendicu- 
ho... eee 


eee dee 810 ft. 
Length overall ove +» 860 ft. ~ 
Load draught (LW.L.), mean 28 0-6 in 
ught (L. .), mean t. . 
Displacement at load doughs 41,200 tons. 
Shaft horse-power of engines 144,000. 
Speed at | draught «» $1 knots. 
Oil fuel at load draught 1,200 tons. 
Oil fuel capacity 4,000 tons. 
8 16-in, B.L. 
12 5-5-in. B.L. 
4 4-in. H.A. 
Armament 2 21-in. T.T. sub- 
2 double 21-in. T.T. 
above water. 
Argide- amidships 12 in., 7in., 5 in 
i i os in., 7 in., % 
Side—forward 6 in., 5 in 
Side—aft ... ose -» 6in. 
Bulkheads, forward and aft 5 in., 4in. 
Barbettes ... ase eos 12 in, 
Gun-houses 165 in,, 11 in. 
Conning-tower 11 in., 9 in. 
Protection— : 
ae * pin 
Forecastle deck, amidships 2 in. 
U deck, amidships ... 1 in. 
Main deck odin oot «+ 14 in, flat; 2 in. 
to 8 in. over 
Lower deck forward Lin, 1} in. 
Lower deck aft 1 in., 3 in. 


Weights expressed as percentages of displacement 
at load draught :— 4 


Equi Item. Per Cent. 
pment ove eee ote ove 2-0 
Armament one ier eve one 12-5 
Machinery 13-0 
Oil fuel ... ose ee 3-0 
Armour and protection* 33-5 
Bmall* lk. oid =e 36-0 

100-0 


just been ordered; and in view of the damage which 
was done to our own battle cruisers and also to the 
German ships of similar type, it was deemed advisable 
to increase the armour protection, if possible. As 
the result of very extensive investigations, it was found 
possible, by accepting a deeper ba gd and a slightly 
reduced speed, to add very considerably to the protection 
of the vessels as already designed, without serious 
modification to the er of theshipasawhole. Accord- 
ingly, in September, 1916, definite proposals for increased 
protection were submitted. The alterations were of a 
radical character, the armour belt being increased 
from 8 in, to 12 in., and the barbettes from 9 in, to 12 in. ; 
and certain increases were also made in the deck pro- 
tection. The particulars, as thus finally decided, are 
given in Table I. At the same time eight 15-in. 
gun mountings had their design modified to admit of 
an elevation of 30 deg., and certain other modifications 
Wer taeetentite Ree erecta at Wen mecctacenee'e 
ments for prevent e flash penetra to 
the jeagnuinge—e form of protection which was staborssea 
for all our ships at this time. All these increases involved 
an additional weight of nearly 5,000 tons, the legend 
ment of the Hood pangs» bape 41,200 tong 

when carrying 1,200 tons of fuel ;) the ship then ha 
a draught of 28} ft., and a draaght of 31} ft. with ful 

fuel load, viz., 4,000 tons. 

The o wn and beam of the ship were main- 
tained as before. me extra plating had to be provided 
on the decks for strength purposes, but the under-water 
protection i to oes, which had proved very 
efficient, was retained, as in the original design. I should 
mention also that the stability conditions were such that 
the increased displacement could be whilst still 
maintaining a very satisfactory metacentric height. 


* The plating of the decks and side is required to be of 
euch thickness for it contributes very 
of this plating 





materially to protection. The is, 
however, inatolied in ** Hull,” 





All the modifications made in the design after the 
Battle of Jutland were considered in consultation, not 
only with the Board of Admiralty, but with the Com- 


the Royal Society. These i ts, 
made on different scales gonial working 


which were 
up to the full 


* pro- 
msnder-in-Chief, involving, as they did, special arrange- | tection fitted to the was modified and details 
ments for the fire and torpedo control, ent of | of construction as have been largely adopted in 

, &c.; and it was not till 1917 The deen the Hood. I am glad to have this opportunit of paying 
was finally approved in all its details. This special tribute to the work of Professor Hopkinson 
naturally i inst the quick construction of to his memory. 
ship, and it will be four years from the approval It may be noted that no ship provided with the original 
of the original in April, 1916, to the time of her | or the later form of bulge was lost, nor even seriously 
completion, this about double the time taken to by torpedo attack during the war, nor was there 
build our recent loss of life in any case; this being chiefly due to the 


@ much more powerfully -protected 
ent, and consequently 


the of to be worked, to about 50 per cent. 


of hi than many we have had 
Su api shi for ening wan nrodapd, when he 
revolutions were er. - 
dently looked fet eh 


5 
i 
e 
i 
g 
3 
g 


and occupied 

necessary to say t oi 
ined in Mee. : 
It will be seen from the plan, page 425, that the main 
armament of eight 15-in. is mounted, as in our 
recent battleships of the i Elizabeth and Royal 


ial form of bulge and to its being external to the 

proper. By careful attention to the fo?m the 
uction in speed is only that due to the added displace- 
— amounting in the Hood to only a fraction of a 


ot. 

Experience and trials have shown that the Hood, as 
protected, can receive the blows of several torpedoes and 
still remain in,the line without serious loss of speed. 

In the design of the Hood special consideration had 
to be given to docking, and she is provided with double 


docking keels come under the longitudinal bulkheads 
to support the ship on each side. ents are 
made to dock the Hood in our larger docks, and she has 
already been docked and prepared for trials at H.M. 


I d like to add that it was never pro 
al one of the ical papers 

i pan ed sola a 
design is got out at the 
anywhere else, when fixing 
first points to consider is, 
be ens cad vale for 
case 0! o and again 
the protection displacement - were 


successfully launched in — 1918, 
the ceremony being performed by Lady 
of ree aa, “ whilst 
y ——< action the i Cruiser 
ad ipenthing weigh bout 22 As th 
ight was about 22,000 tons. C) 
other three ships of the class which were commenced 
had none of them reached the launching stage at the time 
of the armistice, it was subsequently decided not to 
with them, in view of the international con- 
i and the Howe, Rodney and Anson were 
accordingly scrapped. : : 
The general strength of the ship as a girder had to be 
thoroughly investigated, both the original design and 
again when the protection and displacement were 


— 


i 


8o classes, in four turrets, all on the centre line. | increased. Assuming the ship among waves equal to her 
The of the axes of the guns above the normal | length from crest to crest and one-twentieth of that 
load water-line for turret, commencing from forward, | length in height (a condition which I do not think is 
are 4 be 42 ft., 31 ft. 9 > and 21 ft. 9in. The big ping caged = bw met a yy tensile stress 

ve ve’ ares of training, the forward ones | on the top of the girder is less than 10 tons per square 
fraini to pot baft the Scan. end the after ones | inch, and I may oft tens not one of our recent ships has 
to 60 . before the beam. 


of twelve 5}-in. guns with shields 1 in. thick ; these 

i on the forecastle deck and shelter 
as shown. There are also four 4-in. anti-aircraft guns 
on the shelter deck aft. 

There are two 21-in. submerged re tubes, each in 
&@ separate compartment forward, and four 21-in. above- 
water torpedo tubes between the upper and forecastle 
decks ; these above-water tubes being a further addition 
since the original design was made. 

The distribution of armour is shown on the drawi 


&n outer compartment of air and an inner one 
with the necessary ing 
a ee out the 
— machinery and magazines, 
can said that it renders the ship as safe againct 
from under water as is against 
attack above water. 7 


The oil-fuel tanks are arranged along the sides, thus 
giving additional protection. on 
It is a somewhat curious coincidence that the first 
series of recent experiments on under-water protection 
nee Resros tapam tay Gusts. of tatal.of tn lo charges 
om the old Hood, of the old “ Royal Sovereign ” 
built in 1893. Developing the lessons learnt from 
these trials, which i 
preceding 


whole 


ever exceeded this amount, although a slightly greater 
stress has been accepted in some recently-designed 
Atlantic liners. The maximum tensile stress on the 
keel is less than the above, and the maximum compressive 
stress does not exceed 9 tons per square inch. 

_ following are some particulars of the general 
outfit :-— 

Dynamos.—Eight dynamos are provided and are 
widely separated, two are driven by diesel engines, two by 
turbo engines and four by reciprocating engines. 

Hydraulic Pumping Engines.—Four hydraulic pumpin 
engines are provided for working the turrets ; these an 
the other more important auxiliary engines are kept 
ber away from the ship’s side, as are also the necessary 


eed tanks 
Pumping and Flooding Arrang ts.—Special con- 
been given to this item in the design of the 





sideration has 


ship, electrical bilge pumps have been provided, and also 
some 100-ton submersible pumps to deal with any water 
that may enter the ship. For fire and wash-deck 
@ fire main is run all fore and aft under pro- 
tection with rising mains at intervals. This fire main is 
charged from the 50-ton electrical pumps, and also from 
the 75-ton steam-driven fire and bilge pumps in the 
engine and boiler rooms. 
the boiler rooms 1,000-ton turbo pumps are fitted ; 
in each engine-room the circulating pumps are ‘ 
to draw from the bilges instead of from the sea, if 
required. Steam ejectors, each of 300 tons capacity, 
are provided in the auxiliary machinery compartments 


and ee daira rooms. , 
Steering .—The steering gear is of the right and 
left-hand screw type, with connecting rods attached 
to a crosshead on docndier head. Two steering engines 
are placed in the after engine-room with shafting led 
through the shaft and thence aft to the steering 
gear. Auxiliary steering on the Williams-Janney 
principle worked by electric motor is placed in the after 
ing compartment. The main telemotor system 18 
continued aft, so that this gear can be worked from the 
main steeri positions of the ship. The following 
steering positions are provided :— 


After engine-room ; 
Steering compartment (auxiliary only). 


Steering by hand power is not provided, as it has 
proved tobe of little ft with these very big high-speed 
ships. 

ba Gear.—The anchors, three in number, each 
igh 9} tons, and the chain cable is of 3} in. diameter. 





year’s paper. of Two cable-holders and a middle-line capstan are provided, 
at the request of the Admiralty by the late Professor all ‘connected to the capstan engine. A cable 
(afte Bertram F.R.8., in| holder is provided for the sheet cable for letting go only. 
conjunction with myself, at first under the auspices of | At the stern a 3-ton anchor is provided, and the after 





425 


ENGINEERING. 


Marcu 26, 1920. | 














AjBurpi0ces st syucuZseduI00 es10AsUBI} UTeUI oY} JO YOUR 
“speoyyng 4FHI07em jo Burosord oy} Surproae Aq ‘drys 
ey} JO UOSIAIpgnS 4y37I07VM SSIOASUBI} CY} o[qIssod SB 
IB} SY UTEUTVUI 03 USHe} useq s¥Yy erBO s}UOWeFUBIIE 
esey} [[¥ Uy “Suruzem jo sesodimd 403 sioyvey ureoys 
ySnory3 pessed st sre oy} ‘Aresso0eu e1ey A, “pommsuesny) 
st ‘geems eovjd ofoym oy} Surdeoy ‘are ysery Ajddns 
ety me PEploas sNY3 ore 07 pozoelqo oq FyFtuL Yorya 
pus ‘Az1I00]0A MO] B 48 poeATep st ITB 
ey} 38y} peSuvize os sZutuedo oavy syuNI} eseyy, ‘“suRy 
woarp- AyTwo12999 @ Sq poyddns syunsg Aq pozeirquea ose 
Ajyesoues seoeds Zutaty ond, “are uodo 0y3 03 4001p Burpee] 
suey gsneyxe jo suvew Aq Ajjeioue3 Suteq uormeyueA 
ey} {ow ‘seoujdysea ‘sor0ys gured ‘solso;mos ‘sou4ued 
‘s"O"M ]]@ 09 pus ‘sp¥oy s,ueUTves ey} 04 porjddns useq 
sey uoTzEIIyUeA jo we4sXhs oyejdui0o AeA "M019 OY 
JO YR[BeYy PUB 4z0sUIOD oY} JO GuIOd guBzioduT Az0A e— 
J04}8eM Pv UI UeAe ‘fensn s¥ UO OF ABUT worgejraen qeq3 
JopsO Ul ‘syYIep JeYZVEK OY} GAOG® []o4% Zureq ssutuedo |e 
‘syunz3 Ajddns ,,feimjeu,, Gea suBy ysnVyxe UeALIp 
-Ajpeourjoeye “ul-F,, omg sey sjuew4yredutoo Axourqovur 
Areyrxne oy} jo you + “ueAlIp A] eolzQoOo]e ‘suBy ysnEGxe 
“Ul-0G O49 PUB “UI-g¢g Ino} puw ‘suvy Ajddns ‘UT-QP eer43 
pue ‘ut-og moj Aq poeqeiquea ore sul0or-ourZue oY [, 
+ —+ SMOT][OJ SB ore pojoU 














‘seopedi04 4sutese 19004 - osye 
Burpnyour ‘drysey33eq sse[o-381g &@ JO uoTZ0e40I1d snoULZe 
pue gucurvulze oy} Apoquie 03 USIsep Joy UI useq sey 
dnoavepue “eZI8 O31B] B OF bap 4q 
U80 484M Jo o[duIexe UB 8B poy0 oq AvuT H ey? ‘drys 
oy} JO USIsep pesoues oy} spsvFer alent ppsquagy 
“ognutm Jed “45 0g JO OF¥1 B 4B Poem] puT 
Pest] Oq UO “4vOg 4SEIA VOY OY} JO Fey} ‘sU04 gT Jo FYSIOM 
® pus ‘pepraoid exe ‘suojour o1sqoeja Aq ueAup ‘ed4y 


Aouusel-surBty[t A oy} Jo 2808 jo1ZU00 peeds ojqeizea qztTH 
pessy ‘ss10y woRg—eMmOH Mwog wean Morn 









































1B} SB CABY O9471UIUIOD STY} JO SUOTFBpUEUTUIODEI oYy [Te 
pus 1 gee | sem qiodel 8 pus JO WOIyBpourUIOD08 
ey} oyur ermbut 03 poguiodde sem eez41uruI00 jel0eds 
8 JBM OY} C1OJog 4SNEF “USUI pu SIOYJO oY} JO IOJUIOO Sulavy yioM Yyorvesel puv ezucurtiedxe jo [wep yvoid v 
pus yn” fra aay ey} 04 Ajrezoue? pred useq sey Hor ‘ sofdroutid oytjuetos ysour pus 48048] OY} UO yNO pexIOM 
-09998 48013 1sep 3U9001 INO [[w U[—"uoMppowmwmoop - useq sey YoryM ‘uOTZeIIQUeA JO UlegsAS OY} 0} ‘poor, 

*peyeuratyo "Was JO 9825 ‘S'W'H ut Aue uey3 orour sdvysed puv ‘sdrys yue0e sour 
Gren tees ane Rp cy hy acelie cdpinabines ‘WOOU YANOG J1IGGIW HONOUHL NOlLO3S '¢ b2y mo ut pred uceq sey uorjuey3e [eroedg—uornyy 4 

1 Sur H ' *10}0UI 01.1300]9 

ureur Jey3o oy3 jo Aue jo Ajjuepuedepur poeyejmuea 4q ueap sv03 Aquuer-surenyty, Aq poyiom st caebee 












































eaten 

i 7 — : 4 
‘ 
A 


































; ase 9 (w o9s9) 

ss (eee meirsse — 
2 "Gree" beers 
- 24ers a EBs j 
re CPrmuid wens OF) a yuisoe ! a ww w/ / 

aa b eon pfeadborngebrens th ENA oe 
~s os, 7 n 2s M9 19a $: u"9 71 B03 ung Te6i $ m » a a ? 
"S030 Wagan 2a11SvoaN0s ‘waLsHs*-—b-—~” ae Ramey 2 om af fe 


"9904 40 21025 





vajtOg -+---------- 2 ------- "Buz -------- 








“‘sud0ud 


le | 


uasinuo aliiva 
:GOOH, ‘S'W'H 








=— 


~Sa 





Lin 








=~ 





‘MNVEAGATIO SUAATINAMIHS ‘GALINTI “OO GNV NMOUA NHOF ‘SUSSAN AP AALONALSNOO 


«GOOH» UYASINHO AWILLVA S.ALSUCVNW SIH 





ENGINEERING. 





Marcu 26, 1920. 








that of a of 
greater amount 
an increased 
increase in to prop 
It may be that in such a ship a great many 
eggs are in one basket, and @ very expensive 
one, but it would have been quite impossible to combine 
Cp aeerd, Sanaa a8 eotesnan as 6 Seaiee oe 
ee eee + ie Pow sat omen 
considerations of design, it is, I think, to note 
that of recent ca vessels built, and the chief 
characteristics of two classes of about the same displace- 
i we had a well-armou bps 
° 


was accompanied 
—— a y 


ulsion. 


t, viz., 27,000 tons, though of 
Biathon te vi out ihe sn 
, but y six 15-in. guns against ’ 
and Fa ee ed about* half the armour protection 
provided in the Queen Elizabeth. In the Hood we are 
providing the same armament, viz., eight 15-in. guns, 
as in the Queen Elizabeth, armour protection fully — 
to, and in fact rather heavier in the aggregate than that 
of the Queen Elizabeth, 6 knots more s' than the 
Queen Elizabeth, which makes the nearly equal 
to that of Renown and Repulse, and in addition a full 
bulge protection against torpedo attack. 
evuisem, which wens adhginally designed ollh very lags 
, which were origi esigned with very li 
armour protection, have cathy been modified in the 
direction of additional tection, making them thus 
more like the Hood, and in the Annual Report of the 
Chief of the Bureau of Construction and Repair for the 
Fiscal Year, 1919, he says: ‘‘On June 24, 1919, the 
General Board recommended that battle cruisers be built 
as a distinct type, but the designs be c to provide 
materially ter protection against and under- 
water ati the resulting increase in displacement and 
reduction of ~ ie probably less than 2 knots, being 
accepted,”” This was a ved, and the new plans 
were got out. It is, I think, satisfactory that 
the American authorities, who have had full knowledge 
of what we have been doing in this country in the design 
and construction of ps, should have thus come 
to the conclusion that we were on the right lines, and 
have modified their desi accordi : 
cost, which is about 6,000,000/., this, of 
course, is an enormous sum, but when the displacement 
and size of the ship and her qualities are considered, I do 
not think it is very excessive, in view of the present 
increase in prices. Most things have doubled in cost, 
and many of our pre-war capital ships, complete with 
their armaments, &c., cost on the average about 90/. 
a ton of displacement. The Hood is costing about 145/. 
per ton, or an increase of only 60 per cent. ve pre-war 
ines, although she has qualitie pomemsed by no earlier 
cay p. 
A deal has been written and talked of late 
about the surface capital ship being dead and the necessity 
for submersibles. But with our present knowledge it 
would be quite impossible to design a submersible ship 
which on same displacement and cost had anything 
like the fighting qualities on the surface which are 
peer by the Hood. Every ship is a compromise, and 
in addition to the qualities of a battleship, 
she is required to submerge, or even partially subm . 
&@ very considerable tage of weight has to be ad 
to give her this edditional capability of submergence. 
She becomes still more of a compromise, and the added 
weight must detract from the fighting qualities of the ship 
when on the surface, so that whatever is done, other things 
being equal, the submersible ship must be inferior to a 
surface ship in an ordinary action, There are many 
difficulties of details in the design of a submersible 
battleship which would take too long to go into fully now, 
and although there is no doubt that submarines are 
capable of great development, a little thought will make 
it clear to anybody that if naval warfare is to continue, 
the surface ship of the line must still hold the field as 
the principal fighting unit of any great navy. This view 
is een by other countries who are develop- 
ing navies, and 


Ja and the United States 
are building large capital quslace ships. 


I should like to take this opportunity, on behalf of 
my staff and myself, of thanking the contractors for the 
assistance they have given us in getting out working 
drawings of the Hood ; this applies not only to Messrs. 
John Brown and Co., who have so successfully constructed 
this, the largest ship ever built for H.M. Navy, but also 
to the other three firms who, in the earlier stages, helped 
us with the plans, until the time came when it was 
—- not to proceed with the three ships ordered from 

em. 
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THE PERFORMANCE OF MECHANICAL 
STOKERS.* 

Exact Data on the Performance of Mechanical Stokers 
as Applied to “ Lancashire’’ or other Narrow-Flued 
Boilers.* 

By Daviw Brownie, B.Sc.(Lond.), F.C.8., of 
Manchester, Associate. 
One of the most serious national questions to-day 
from an engineering point of view is that of coal 


and our whole future as an industrial nation will d 


Scientific Control of Steam -Plants,” ENGINEERING, 
July 12 and 19, 1918) that whilst about 50 per cent. 
oon eee: Coe Someneeen © Sapen ep Se cos 
operation y, + of steam generation, v ittle 
authentic a a eS (sy available with 
regard to the performance of steam boiler plants generally, 
and the actual amount of the saving to be obtained 
by the adoption of more up-to-date methods. The 
subject is really so vast that it can only be dealt with in 
sections, and in Enomerrrmsc, November 1, 1918 
“Exact Data on the Running of Steam Boiler Plants, 
o. 1 Economisers’’) the author dealt with the question 


% this pape: posed to deal with mechani 

it is prope to with mi ical 
firing, and the : exact figures obtained by the complete 
scientific investigation of the ——<. of 80 typical 
” ire” boiler plants, mechani fired, wi be 
brought forward for consideration. The with whom 
the author is associated have been engaged for the past 
ten years in ing and reorganising steam boiler plants, 
and the figures in this paper have been obtained during 
the course of this work. 

In order to avoid confusion, this paper has been 
confined to the results obtained with “ Lancashire” 
boilers, that is, narrow-grate boilers (which would include 
also “‘Cornish’’ boilers, marine boilers, and all similar 
types of boilers), leaving the consideration of ‘‘ tubular” 
boilers, that is, wide-grate boilers, to a later date. An 
additional reason why the “ Lancashire ’’ boiler has only 
been considered is because it is essentially the standard 
boiler of the country to-day. It is di t to give exact 
figures on this point because we have no proper engineer- 
ing census of the country, but it is obvious that far 
the greater number of steam boilers at work in Great 
Britain are of the “Lancashire”? type. Thus in the 
article, “‘ Coal Saving by the Scientific Control of Steam 
Boiler Plants,” already mentioned, 250 steam boiler 
plants were considered representing 27 different indus- 
tries. The total number of boilers was 1,000, of which 
935 were of the “‘ Lancashire ”’ type, 36 were “‘ tubular,” 
17 “egg-ended,” 6 “Cornish” boilers, 1 “ marine,” 
2 “vertical”? and 3 “ patent ’”’ boilers. 


In certain very large industries of the country, such | special form of the coking stoker is the “ underfeed” 
as collieries, cotton mills, woollen mills, dyeing and | t; 


bleaching, calico printing, flour milling, paper manu- | t’ 


facture and the chemical industries, almost the only 
boiler used is the “ Lancashire.”” Tubular boilers are, 
of course, typical of electric 
to some extent in steel wor 
amg gh The question of mechanical firing is, 
ed of much greater interest a a of hed 

© present average ormance of boiler plants when 
considered in mon a with * Lancashire” boilers, 
simply because the amount of coal consumed in Great 
Britain on “ Lancashire’ boilers is probably eight to 
ten times that on tubular boilers. 

The author wishes to emphasise the large pro’ 
of our total national coal consumption that is 
for the purpose of steam ———. According to the 
recent interim rt on ic ae supply in Great 
Britain of the ion Committee (Coal Con- 
servation Sub-Committee), Ministry of Reconstruction 
(Cd. 9084, 1918), the total annual output of coal of all 
the mines of the United Kingdom before the war (taking 


rtion 
mn up 


1913 as typical) was approximately 287,000,000 tons, 
of which 189,000,000 tons were consumed at home as 
follows :— 
Tons. 
1. Railways = 15,000,000 
2. Coasting steamers 2,500,000 
3. Factories 60,000,000 
4. Mines... ooh ok 20,500,000 
5. Iron and steel industries --» 81,000,000 
6. Other metals and minerals ... 1,250,000 
7. Brickworks, potteries, glass 
works and chemical works ... 5,750,000 
8. Gas works ane oo 18,000,000 
9. Domestic 35,000,000 
189,000,000 


Taking this total of 189,000,000 tons, and deducting 
the amount used for railways, coasting steamers, gas 
works, and domestic purposes, 118,500,000 tons are left. 
Some proportion of this amount is, of course, used for 


— meer, chemical " % lang producer 
and other gas plants (apart from gas works), &c. 
According to the recent report alread tioned, of 





y 

the Reconstruction Committee, about 80,000,000 tons 
of coal are used for power production only, inclusive of 
railways. Deducting 15,000,000 tons for railways leaves 
the figure of 65,000,000 tons, of which, according to the 
report, about 90 per cent. is used for power produced by 
steam raising, corresponding, therefore, to 58,500,000 
tons. But in addition to power, there is an enorntous 
amount of steam used for ing and general technical 

Thus, in industries like dyeing, bleaching, 
calico printing, tanning, hat manufacture, brewing, the 
chemical trades, &c., m more steam is used in this 
way than for power production. Also in very many other 
industries a considerable quantity of steam is used, 
even although the amount may be less than that used for 
power. It is not possible to find out what is the exact 
amount of coal used for the production of steam for 
P’ other than power, there being, for example, no 
statistics available _—e the number of steam boilers 
at work in Great Britain. The author proposes, therefore, 
to assume, until further information can be obtained by 


a r of the , that the total 
eed of ceal weal n 








ay? 


* Paper read before the Institution of Mechanical 
Engineers on March 19th. 








for steam generation in the United 
Kingdom is between 75,000,000 tons and 100,000,000 
tons per annum (being 60,000,000 tons to 70,000,000 tons 
for power production and 15,000,000 tons to 30,000,000 








there- | downwards and sideways through the whole | 








tons for purposes other than power), correspondi 
40 cent. to 53 per cent. of the total coal used. It is 
wn ah therefore, that even a moderate improvement 
in our national methods of steam eration would 
_ @n enormous economy in le 

author does not know what proportion of the 
75,000,000 tons to 100,000,000 tons of coal used for 
steam generation is burnt by means of mechanical 
See San Bee agnies be soon: the anak af a.gueeer 
engineering census of the country. A very large number 
of mechanical stokers are undoubtedly at work, and, 
at ay gy - at least a dozen firms supply such stokers. 
One , for example, states that it apenas 5,000 
stokers during the fast 30 years to 125 different steam 
users 


to 


Based on the author’s ten years’ experience, including 
the complete scientific ee ga of nearly 500 boiler 
plants and the inspection of thousands of plants, he 
would estimate that about 25 per cent. of the coal con- 
sumption of the country for steam generation is mechanic- 
ally fired, that is, say, 18,750,000 tons to 25,000,000 tons 
perannum. Of this, say, 75 per cent., that is, 14,000,000 
tons to 18,750,000 tons annum, is burnt on “‘ Lanca- 
shire” boilers only. echanical firing is, of course, of 
quite ancient origin, the first mechanical stoker having 
been brought out by Watt as far back as 1785, and after 
1840 many types of mechanical stoker were patented. 

Mechanical stokers are of two general t; i 

(A) Coking Type.—The first successful stoker of this 
type was invented by John Juckes in 1841, and consisted 
of longitudinal fire- connected by* links, forming an 
endless chain. The coal was deposited on this travelling 
chain from a hopper in front of the boiler, and the fuel 
gradually burned as the grate travelled forward, dis- 
charging ash and clinker over the back. The modern 
chain-grate stoker for tubular boilers is simply a develop- 
ment of this stoker, In general, coking stokers burn the 
volatile hydrocarbons of the coal at a different portion 
of the grate from the fixed carbon, that is, they first 
“coke” the coal, burning the volatile products driven 
off by this process, and then burn the coke produced. 

In modern t (overfeed) for ‘‘ Lancashire ’”’ boilers 
the movement of the coal from the hopper until it drops 
over the back of the grate as ash is obtained by means 
of reciprocating bars worked by the stoker drive. A 


, in which the coal is forced up from underneath 
grate (instead of on the top (“overfeed”’) of the 
grate, as in the ordinary types) by means of a ram or 
worm conveyor. The grate is bealhy @ species of tro 


wer stations, and found | in which the volatile matter is burnt on the apex of the 
and engineering works | pile of burning fuel, and the coke burnt as it travels 


h of 


the trough or grate. There are several types of such 


stoker manufactured. 

(B) Sprinkling Type.—The first successful stoker of 
this type was brought out by E. Henderson in 1843, 
and consisted essentially of two horizontal fans revolving 
on vertical spindles, which scattered or sprinkled the 
coal in small quantities all over the grate, so as to imitate 
hand firing. In modern types of sprinkling stoker the 
coal is thrown over the grate by means of a throwing 
shovel, and the whole length of the grate is utilised for 
the combustion of the volatile matter and the fixed carbon 
of the coal atthesametime. The fire-bars have a recipro- 
cating motion to provide for the continuous and automatic 
removal of clinker and ashes over the back of the grate. 
There is amongst steam users a very great difference 
of opinion as to the advantages, or otherwise, of mechani- 
cal Bring as compared with hand firing. On this ques- 
tion, as on most other questions in connection with coal 
economy, there are little authentic data available. 
In general engineering literature, including text-books 
and reference manuals, most of the scanty information 
given on the subject is supplied by the makers of mechani- 
cal stokers themselves, and this information cannot be 

as exactly unbiassed in its character. There 
seems to be a ‘general hazy sort of impression among 
steam users that mechanical stokers give higher efficiency, 
and that they are a necessity to the best results, but the 
chief trouble is wear and tear and cost of upkeep. The 
Government are evidently of this opinion, and the Coal 
Control Department, for example, recommends mechani- 
cal firing for collieries. As the department is presumably 
aware that the vast majority of boilers in collieries are 
of the “ Lan ire” type, it therefore recommends 
mechanical firing for ‘‘ Lancashire ”’ boilers. The depart- 
ment states that mechanical stoking saves labour in 
the fire-hole, that low-grade coal can be burnt more 
efficiently than with hand firing, and that ter evapo- 
ration can be obtained from the boilers. The advantages 
claimed for mechanical stokers will be dealt with later 
in detail, as well as all the disadvantages urged by 
advocates of hand firing. ‘ 

Exact figures for the pesteemance of 80 typical plants 
are given in Table , at the end of the paper. 
These 80 plants are not selected cases, either good or 
bad, but are plants taken at random, according as his 
firm was instructed to undertake the work by the various 
owners of the plants. In the author’s opinion, although 
he can give no actual evidence to support it, these 80 

ts are typical of the mechanically-fired “ Lancashire ’ 
iler plants of the whole country. He found by exper!- 
ence t it is not generally the firm with the —_— 
wasteful plant that is most interested in modern method 
of coal economy. Rather it is the firm whose plant i 
average, or above the average, who is more intereste 
in all ible saving to be obtained, and he feels more 
that if a number of hundreds of mechanically -fire 
“Lancashire” boiler plants were investigated on the 
lines described, that the results would on the average 
not be very different. He is more convinced of — 
because his firm has examined, without testing, hundre 


* To be published in a later issue. 








Marcu 26, 1920.] 


ENGINEERING. 


427 








of mechanically-fired boiler plants, and found them to 

be all run on the same general lines as the 80 plants. 

Before considering the results, he would like to ad 
that on each of the plants a most complete scientific 
investigation was carried out, not only for one working 
day, but also for one week, as a check test. The object 
of the test was to find out the exact normal every-da: 
working conditions of the plant, particularly as 
efficiency, so that a scheme of reorganisation could be 
devised for the more economical production of steam. 
In every case the boiler-house s worked the plant as 
usual, and at the end of the tests the water level in the 
boilers and the general conditions of the fires was the 
same as at the commencement. Taking the various 
items which require some explanation in detail :— 

The fuel was weighed accurately in the usual manner, 
depending on the circumstances of the plant. The 
greatest care was taken to get thoroughly average 
samples of the fuel, and the heating value was deter- 
mined in every case with the oxygen bomb calorimeter 
direct in the fuel as fired. 

With regard to the water evaporated, various methods 
were used, depending on circumstances, but generally 
the method adopted was the use of a well-known make 
of pressure-type hot water meter, calibrated before each 
test, and working between the boiler feed pump and the 
boilers. The old method of weighing the water direct 
in tanks, which was sometimes used, is, of course, very 
cumbersome, and almost impossible for regular weekly 
recording, such as is necessary on a properly-organised 
boiler plant. Some form of water meter is, therefore, 
essential. Whichever type is adopted, the author 
strongly recommends the additional installation of a 
calibrated tank of, say, 500 gallons to 1,000 gallons 
capacity, so that the accuracy of the meter in use can 
be checked at any time. 

The feed water was analysed by the Wanklyn soap-test 
method before and after boiling, giving the permanent 
and temporary hardness. tem ture of the 
feed water before and after the economisers, the draught 
at various points, the temperature of the flue gases before 
and after the economisers, the steam pressure, and the 
temperature of the superheated steam, were taken every 
half hour and averaged. 

As regards the percentage of CO2 in the flue gases, 
a CO» recorder was fixed on the plant, and the percentage 
of CO, recorded at the rate of about 20 analyses per 
hour. On the week’s trial, the samples of gas were 
taken from the side flues of each boiler in rotation, 
allowing as a rule about 12 hours (240 analyses) on each 
boiler. 

With regard to the steam or power used as an auxiliary 
to the production of steam, in the case of an engine, 
indicated horse-power of the engine was taken, and 
from the t of engine used a very idea was 
obtained of the steam used. Thus, for the ordi 
enclosed, forced lubrication, high-s engine in use 
for driving forced or induced ws t fans, an average 
figure is 35 lb. of steam per indicated horse-power. 
In the case of a motor drive the power used is, of course, 
very easily determined. The difficulty is in connection 
with steam used in the form of steam jets, either under 
or over the fire-bars. An apparatus was devised for 
the purpose of estimating the amount of steam issuing 
from nozzles, consisting of an enclosed cylinder, con- 
nected with a long condensing coil. In determining 
the steam used, the steam pipe and nozzles, or heavy 
casting with series of small holes, or other apparatus 
used, is placed bodily in the enclosed cylinder, and 

, coupled up in exactly the same manner as when under 
the fire-bars. The steam passes through the cylinder 
and the coils, which are immersed in cooling water, and 
are open to the air at the end, and the steam used over 

a period of several hours weighed direct as condensed 

water. This apparatus is found to be very simple and 

convenient, and gives absolutely accurate results. 

Another final point to be borne in mind, in considering 
the results, is that the general methods of running steam 
boiler plants, both hand and mechanically fired, are 
out of date. A mechanical stoker, like any other 
mechanical device, has to be used with a certain amount 
of discretion, and if this is lacking one can hardly blame 
the mechanical stoker. In considering, therefore, the 
advantages and disadvantages, the facts with the present 
general out-of-date methods in v ve first been 
stated, and then the facts that would obtain if modern 
scientific methods of control were adopted. 

Detailed analysis of the results of the eighty tests, together 
with advantages claimed for mechanical firing and 
the disadvantages urged against it. 

A. Generat ANALYSIS. 

1. Plants Represented.—The 80 tests represent the 
boiler plants of 18 woollen mills, 13 paper mills, 12 
explosive factories, 11 dye works, 5 cottpn mills, 4 
ch mical works, 4 engineering works, 2 calico printers, 
2 dyeing and cleaning works, 2 hat works, 2 hosiery mills, 
and 1 general textile mill, and are, therefore, a 
average selection of the mechanically-fired ‘‘ Lancashire ”’ 
boiler plants of the country. 

As regards the size of the ts, these are quite 
representative, varying from the largest plant of. 16 
boilers, with an annual coal bill of 79,000 tons, down to 
plants of one boiler, with a smallest annual coal bill of 
950 tons. The total annual coal consumption on the 
whole 80 plants is approximately 715,000 tons, and the 
total number of boi 299. The number of different 
makes of mechanical stoker included in the tests is 8, 
3 being sprinkling and 5 coking. 

2. Price of Coal Used.—The actual price paid for the 

coal used on the various ts has not given, 

use these figures would be of no interest, as the 

80 plants were tested during a considerable number of 

years, and, of course, the price has varied enormously. 

At the present moment the average price paid for coal 





throughout the country will probably be about 30s- 
The increase in the price of coal during recent years has, 
of course, been sensational. According to the evidence 
iven before the Coal Inquiry Commission by Mr. A. L. 
ickinson, Chairman of Finance Board and Financial 
Adviser to the Coal Controller, the average value per 


ton at the pit head of the coal raised for the different 
years is as follows :— 
8s. d, 
1908-1913 8 9 
1914 9 11 
1915 12 & 
1916 15 7 
1917 16 8 
1918 ae ol hae 24 10 
3. Analysis of Feed Water.—As will be seen from 


Table , of the paper, there is a great variation in the 
quality of the boiler feed water, varying from 3 deg. 
total ) Fe Maocar to 28 deg, and averaging, say, about 
9 deg. total hardness. This is, however, about normal 
—that is to say, these 80 plants were neither better nor 
worse than average plants. In the 250 teste the average 
figures were about 12 deg. total hardness. It is obvious, 
of course, that scale in the boilers will reduce 
seriously the efficiency, whether for mechanical or hand 
firing: 

4. uae a of Feed Water Before and After Econo- 
misers.—in this respect the 80 plants Pye rsa 
better than the average. In EnGgInzErrnec, November 1, 
1918 (‘*Exact Data on the Running of Steam Boiler 
Somme ay ey seragponr My the author gave the 
figures for 2 mts, and the figures can be compared 
as follows with the 80 plants in Table I :— 














Taste I. 
250 Plants 
80 Plants (24 per Cent. Mechani- 
Mechanically Fired. | cally Fired and 76 per 
Division Cent. Hand-Fired). 
according to 
Saving Obtained. 
No. of Per No. of Per 

Plants. Cent. Plants. Cent. 
No economisers 

installed - 9 11-25 95 38-00 
Less than 5 per 

cent. .. oe 2 2-50 14 5-60 
5 per cent. to 

7% per cent... 2 2-50 15 6-00 
7% per cent. to 

10 per cent 13 16-25 23 9-20 
10 per cent. to 

12} per cent. 14 17°50 33 13-20 
12 r cent. to 

r cent. .. 20 26-00 46 18-40 

Over 15 per cent. 20 25-00 24 9-60 

80 100-00 250 100 -00 

















The mechanical stokers have, therefore, better con- 
ditions, from the point of view of obtaining efficiency, 
than the a as assistance from economisers. 

5. Method o, .—As has already been seen, 
out of the 80 plants, 65 plants are working on chimney 
draught, whilst 12 plants are working with induced 
draught and three plants with forced draught. Me- 
chanical stokers (except underfeed coking) will work 
just as well with induced draught as with wn | 
chimney draught, whilst the underfeed coking type wi 
only work with mechanical forced draught. 

6. Boiler Pressure.—The for the boiler pressure 
can be summarised as in Table IT :— 














Taste II. 
250 Plants 
80 Plants (24 per Cent. 
Mechanically Mechanically 
Fired. and 76 per Cent. 
Hand-Fired). 
Expressed Expressed 
No. P) Per- No. as Per- 
centage. centage. 
1. Over 160 Ib. pres- 
sure sa os 4 5-00 7 2-80 
2. 120 Ib. to 160 Ib. 
pressure ee 20 25-00 37 _ 14°80 
3. 100 Ib. to 120 Ib. 
ressure es 20 25-00 35 14-00 
4. ad Ib. to 100 Ib. 
ressure om 14 17-50 55 22-00 
5. oo Ib. to 80 Ib. A x a aa sole 
6. Below 60 Ib. pres- 
sure oa oe 7 8-75 45 18-00 
80 100 -00 250 100 -00 

















The question of working pressure is not of much 
importance in connection with the economical generation 
of steam, but regarding the question of economy by 
the economical utilisation of steam, @ serious nati 
loss is undoubtedly caused by the steam pressure of 
boiler plants being generally much too low. Here, 
ognin, the 80 mechanically- plants have a slight 

vantage in working conditions, as they have been 
opemee to rather more modern plants, as indicated by 

7 


hehe average steam pressure. 

. rs.—Out of the 80 plants, 17 are full 
eauipped with superheaters, 18 are partially equi . 
and 45 (56-25 per cent.) have no superheaters at all. 
Similarly, as described with economisers (paragraph 4), 





hese mechanical stoker plants are obtaining more than 
ae Sie eens 

» in 0 ts not 
fitted with superheaters. teal : 


B. Analysis OF ADVANTAGES AND DISADVANTAGES. 


1. ine is claimed that mechanical firing is 
more efficient than hand firing, and most extraordinary 
statements on this point are made by some firms supply- 
ing mechanical stokers, One firm states that the 
average sa fo Ee See. & the cool LIE, ond 
tances are given of even 52-5 per cent. sa . Another 
Giese A an om Gentes ad ene op Dae y 
two years will pay for the cost of ins ion. Most 
mechanical stoker firms claim that mechanical stoking 
is bound to be more — —_— hand firing, because 
it is not necessary to o t loors to clean out. The 
details of teste generelly given in’ makers’ 
are equally extraordinary. y 
tests are very difficult to follow, and it is often not clear 
whether they apply to the boiler only or to economisers 
and superheaters as well. However, some specimen 
results are 78-43 per cent. efficiency on “ Lancashire ”’ 
boilers and economisers, and 70-02 per cent., 72-58 per 
cent., 76-62 per cent., and 81-1 cent, on “ Lanca- 
shire” boilers only, and so on. These statements give 
the im on that such results are a matter of course 
if mechanical firing is adopted. 
The average net working efficiency for the 80 plants, 
ineluding economisers and superheaters, after deducting 
the steam or power used to produce steam, is approxi- 
mately 59-0 per cent. For the boilers only the 














is approximately 53-0 per cent. The corres 
for the 250 plants (76 per cent. hand an 
24 per cent. mechanical firi i is 60-09 4 cent., and 
the figures can be sum as in Table IIT :— 
Taste III. 
250 Plants 
80 Plants. (76 Cent. 
Mechanically Hand and 
Fired, 24 per Cent, 
Mechanical Firing). 
No. of Per No. of Per 
Plants. Cent. Plants Cent. 
Over 80 percent. .. 1 1-26 2 0-8 
75 per cent. to 80 per 
cent. ee bs 2 2-50 3°6 
70 per cent. to 75 per 
cent. o4 oe 2 2-60 13 5-2 
65 per cent. to 70 per 
cent. “5; ad 17 21-26 30 12-0 
60 per cent. to 65 per 
cent. oi os ll 13°76 44 17°6 
55 per cent, to 60 per 
cent. oe = 16 20-00 62 24-8 
50 per cent, to 55 per 
cent. as Ae 15 18-75 47 18°8 
Less than 50 per cent. 16 20-00 48 17-2 
80 100 -00 250 100-0 

















As already stated, it must be remembered that the 
btaining assistance 


80 plants are o' above the av 
from economisers and , and if the hand-fired 
oe were equi to the same extent, the of 
-09 per cent. would be about 61-5 cent. 
The approximate which the author has for about 


350 hand-fired “ cashire * pg a show an 
av net of a cent. 
howe roa" show’ thorfors hut tothariSly rd 
its as at t wor are act obtaining worse 
ceneiae than hand firing. <j 
In the 250 tests, 190 plants eee ee giving 
57-8 per cent. efficiency, as compared with 60 plants 
mechanically fired with 61-4 per cent. efficiency, but the 
— as YI sone Sunhaaraee y agen on tubular 
ilers. It wi not be very wrong to assume 
poor y there is little oF m0, difference between oo 
and hand firing wi e t methods 
boiler plants, and in both <aihe the average net oockias 


efficiency, including economisers and ters 
deducting the steam or power used auxiliary to the 
production of steam, is only about 60 per cent. The 
- ws ne b-eatromee ry on “ Lancashire” 
ers throughout the country is efficiency, 
as compared with hand-firing, is a com » and 
after the 6 ie results sven tt aitea? 


catalogues, it is somewhat o eae a arrive at an 
a net working efficiency of, say, cent. As 
sete Yosies Table LV in caveat praction mechanical 


coming) Cvins 82 Se SS See Bas ed gh aor 
, t ol ts iw about 
Seas aman 


of the coal used is of the 


paaiey 


greatest in the performance of 
mechanical stokers, Many of results given in 
cal stoker makers’ catalogues are ittedly 


mechani 
obtained with very very high quality. coal, and with coal 
of thie. neture ih ta alenent as entry $6 aus pted seoedis Pit 
If boiler plants were run on correct scientific 
comparative 
cine, Sek 9 aren Gaaiieg sehen. 
vantage ; with 
difference, 


results of 75 per cent. wo be obtained, so 
that the peverenen cal firing in this respect 
can as nil. 

2. Percentage o .—Following from h 1, 
it is claimed ay stokers give a per- 




















































































































428 ENGINEERING. [Marcu 26, 1920. 
centage of CO, in the flue gases, and that less air is ; medium quality hand firing will respond to violent | boiler plant were operated on scientific lines, there 
required per pound of fuel for combustion. For the | fluctuations in demand for steam in a way that is not | would be probably little difference between mechani. 
80 ts the approximate average figure for COp2 is ible with mechanical firing, whilst with hand | cal and hand firing. y hand plants are working to- 
8-25 per cent., and the figures can be sum as ing there is hardly any comparison. If boiler plants | day almost completely smokeless, and if better wages 
follows :— were run on correct scientific lines the advantage would | and more attention were paid to firemen, and adequate 

Tasiz IV still be with hand ous draught provided, black smoke would disappear on both 
6. Flexibility in lity of Fuel Used.—Here, again, | mechanically and hand-fired plants. 
250 there is a very great difference of opinion. Mechanical (To be continued.) 
of the hy ape stoker firms claim that stokers will burn all qualities of 
80 Plants Hnerage | (76 per | coal, or Facer and — — better oer 2 
y nt. “Fired than i inst this it is urged that 
Fired, and 24 per Cent, machaaledl firing will not burn inferior coals anything GERMAN SUBMARINES.* 
> Mechanically Fired) | like as well es bend firing, whilst at the same time the By A. W. Jouns, R.C.N.C., Member of Council. 
wear and tear on the stokers is greatly increased. Further, ; " Z 
x Ne. ot | stokers will only generally give results with certain yey te er aa mone one dete 
Fo. ot a Planta +~ qualities of coal for which they are suitable, and the | ® _Sameetee epee fie igen yang fle. oo - 
-| : » * | result of installing stokers is to restrict the coal market eae ras on aeen et i ae 
available. If, for example, a given make of sprinkling wabhi Pry a ray i a wth Am | this general 
1. Very good ote stoker is installed, it is not possible to burn any rough | PUL ib ° op ices lgg id ke Om ioe pew ape 
° 12 are t 8 4-0 ‘ 1°6 bc (a Jere pe, 0 oA ad coal L yeti benny & bet +> af pa Bag until fast after the outbreak of war. ‘had por} 
Y roen co stokers are ins , one can only run “ coking ae , ee, 
to12 percent. | 12 15-0 17 6-8 | coal, and, again, any rough coal is barred. With hand | been considered to be of very serious import by the 
8 per firi - H “ dre responsible naval authorities. Further than this, it 
cent, to 10 per mS. Oh © eles ueeey i me es regards draught | «one from « Power which a parently had thought little 
" pont oe ne 24 80-0 64 25-6 iy eae of coal can be burnt, according as the of the submarine as an ‘offickent weapon of war and had 
r T cen’ e ered. . . “ er : j 
tod percent. | 95 | 45-0 | 144 | 57-6 || With regard to the claim that mechanical firing will | Poly this last fact in one for which the Allies have 
5. Very bad under 5 burn low- coal more efficiently than hand firing, he thankful The object of thi , , ave 
per cent. - 5 6-0 21 8-4 the 80 plants, as seen from Table XIV, include a to : object of this paper is to give some 
t variety of coal from high-class washed nuts of 
Total 7° | 100-0 260 100-0 3,033 B.Th.U. and S per cent. ash, to very inferior va U86. v16l. 
coal of 8,500 B.Th.U. 19percent.ash. Theauthor’s| pre iy te" 
* One plant CO2 not determined. oe rape is that the idea — lar we gs ot = will mies at oo a aa 
figure urn inferior coals on “ cashire ’’ ilers more completion 18 
PP TI a cons ped ignad oe rm oe Rca! g = efficiently than hand firing is entirely unfounded, and Soe = 235 
only about 7-5 per cent. According to these gues is in fact the exact reverse of the true circumstances | Draught, in feet 18 i} 
therefore, mechanical firing is giving very slightly ter | Of the case. ‘Ihe advantage in this respect with boiler | surface nt, 800 820 
results than hand firing in both cases the general | Plants as worked to-day is with hand firing. It must | Capacity of ballast tanks, tons 140 190 
results throughout the country are poor, and could be tt of all be remembered that no mechanical stoker | Brake horse- r of engines 2,400 (2) | 2,400 (2) 
greatly improved. If esientific methods were will handle at all y low grades of fuel. For example, ——— 8 ee oe , 154 
adopted, the author thinks that mechanical firing would |  ¥®sher settlings” from coal-washing machines, con- | Pomme, (nels Wms 75 B 
give tly better results, but the difference is not | ining 25-30 per cent. of water, can only be burnt on | pak horse-power of motors 1,180 1,160 
great. It is certainly not at all correct to claim any |‘ l#ncashire” boilers by hand firing, and fine coke | submerged speed 8 8 
t advantage for mechanical firing in this respect. | Tefuse cannot be burnt on coking stokers. Torpedo 
t is obviously an advantage in mechanical firing that | T#king the inferior coals that can be handled by| Bow 2 ‘ 
the fire-doors need never be opened to fire the coal and mechanical stokers, it will be found that the efficiency Stern 2 2 
t0..élean ouk This. adven is, however, largely | &f mechanically-fired plants is no better, and often worse, | Guns { . ey }e 4-1-in. 
counterbalanced by the fact that on boiler plants, as | *han hand firing. ‘lhe Coal Control Board has gone to me 
generally worked to-day, mechanical fires tend to get | *he length of recommending mechanical stoking for 
thin at the back, and excess air is admitted at this | °llieries, where the conditions as regards inferior fuel 
point. The net result is a slight advantage only for | ®T@ the worst of all industries, and, again, it would be = 0135 0139. U142 
mechanical firing, as shown by CO». interesting to know on what data it has based this opinion. 

8. Life of the Boiler.—There is a very considerable | 1f modern fic were adopted, the same 
difference of opinion on this point. It is claimed that conditions would apply, and generally the difficulties of | Length, in feet 2754 one? 320 
mechanical firing ensures longer life for the boiler, because | ™echanical stoking increase as the quality of the coal atemes pot vend . Pe : 314 
the fire-doors need not be opened, and no cold air rushes | 2°creases. pons ny at nl tons. | 1 ait 1 R 9 R 
in to cause contraction and expansion. This is certainly | 7: Amount of Fuel Burned.—Stoker firms usually | Cooacity ballast tanks, tons "870 "650 , 

@ very minor claim, From an academic point of view | °!#im that not only is mechanical firing more efficient | Brake horse-power, ‘main 

it is no doubt correct, but it is not of very much import. | han hand firing, and therefore more steam produced | engines .. ..  ..| 3,500 (2) | 8,500 (2) | 6,000 (2) 
ance when it is remembered that the a life of hand. | Pet pound of , but also more coal is burnt boiler, | Brake horse-power auxiliary 

fired “ Lancashire” boilers is about, say, 20 to 25 years and therefore the total steam output greatly increased. engines .. -+| 900 (2) 450 (1) 550 (1) 
and any number of such boilers now at work are 30 or | On the 80 tests the average coal consumption boiler | Surface speed, knots 16 15-8* deoktta 
even 40 years old. Advocates of hand firing claim that | i* foughly 938 Ib. of coal per hour, and 24-3 Ib. of coal | 0.114) of! fuel, tons “i 66 we | 
the wear and tear on the boiler is one of the disadvantages | Pe? square foot of grate area per hour. The figures for | Tota} oil fuel, tons .. ..| 220 390 450 
of mechanical firing, because of the intense heat produced | the 250 plants (76 per cent. hand firing and 24 per cent. | Brake horse-power motors..| 1,040 | 1,760 | 2,600 
on one section of the grate only, and because of the | Mechanical firing) are 798-8 Ib. of coal per boiler per | Submerged speed knots ..) 7 “ae 8 
deleterious action of the steam jets used. Many instances | hour, and 20-9 Ib. uare foot of ge area per hour. (designed) 
are given of serious damage to boilers, chiefly in burning | The average for about 350 plants, hand-fired “Lancs. | Torpedo tubes— 4 4 4 
the se “crowns” of the boiler. It would certainly shire” boi ers, is found to be approximately 700 lb. of Stern vies “ ~ 9 2 2 
be far more just to say that m: chanical firing as generally | °°! per boiler per hour and 19-5 Ib. per square foot of @ 15-9-in. | 19 5.9.4n -9-in 
worked to-day tends to shorten the life of the boiler. | Tate area. mms eee) 7 8.5cim: |p 2 SO. | 2 5B, 
If boiler plants were run on correct scientific lines, the | There seems to be no doubt therefore, that very | Crew .. 46 = 83 
author is of the opinion that there would be no appreciable | 8°"¢Frally mechanical stokers are burning more coal per 

difference whatever in this respect between mechanical a hour than hand firing, on boiler plants, as | ~s These speeds are taken from a report found in the bilges of 
and hand-firing. gen ly worked in the country at present. If both | 1140 a representative of the Electric Boat Company, and 

4. Amount of Steam Produced.—There is also a con- | ™echanically fired and hand-fired plants were worked | handed to Constructor-Commander E. 8. Land, U.S.N. 
siderable difference of opinion on this point. Stoker | 0" correct scientific lines, it is somewhat difficult to say | —___ el He. - ge 
firms generally maintain that more steam per boiler is whether mechanical firing would have an advantage in UB1-17. | UB18-47. | UB48-136 
produced as com with hand firing. The statements this respect. On good quality coal he should say there ty ’ x 7 
made by some are remarkable. For example, it | * Very little difference, and 1,000 Ib. av quality 
is stated that with one make of stoker 25-50 per cent. | 0°#! per 30 ft. by 8 ft. 6 in. boiler per hour could be | roacen in tect Sree pele 11 181 
more steam is obtained, and with another the amount | burnt by either method of firing. As the coal becomes | Breadth, infeet .. ee 10% i 1 
can be doubled. Many advocates of hand firing are of | ‘™ferior in quality, the advantage as regards amount of | Draught, infeet ..  ..| 10 12 12 
the opinion that m cal firing is inferior in this coal burnt increases with mechanical firing, until a point | Surface nae, tons..| 128 265 521 
respect. ‘Ihe average figure for the 80 boiler plants is | 18 Teached when mechanical firing will not handle the | Capacity of tanks,tons 15 29 136 
approximately 600 gallons per boiler per hour, calculated coal at all, and hand firing must be resorted to. Brake horse- T of engines Pre (1) 282 (2) ow (2 
for 80 ft. by 8 ft. 6 in. standard boilers. The figure for | _8-, Black Smoke.—Most stoker firms claim that black | Surface speed, Knots =.) 3° "2 34 
the 260 plants typical of all industries (76 per cent. | Smoke is either completely abolished or greatly reduced. | Tota) oil fuel, tons .. 3-5 28 69 
hand firing and cent. mechanical firing) is also The figures for the 80 plants can be approximately sum- | Endurance .. wm ..| 1,600 at 5 | 6,500 at 5| 8,500 at 6 
about 600 gallons, whilst the figure for about 350 hand. | ™&rised as follows, with the figures for 250 plants as a | Brakehorse-powerof motors| 120(1)| 280 (2) 760 (2) 
fired plants is still about the same, namely, 600 gallons. | C°™P#tison :— emer’ od pany v knots ..)  5°5 sia ia 

As boiler plants are worked to-day it would ° Taste V. 2 17-7-in. | 2 19-7-in. | 4 19-7-in. 
appear, therefore, that there is no advantage in this : Stern -- — 1 19-7-in. 
respect in mechanical firing, and the extravagant claims, 250 Plants 1 machine | 1 machine 
such as 25-50 per cent. more steam, are quite unfounded. 80 Plants (76 per Cent. Guns 1mach. < |! 2-im. and/1 3-5-in. 
It would be interesting to know on what data the Coal Mechanically Hand-Fired and , “1 ee Th 
Control Board makes the statement that mechanical Fired. 24 per Cent, he nos Nae te 
firing gives increased evaporation. If boiler plants re “s 7 Comgant se es nd 
gen Yy were run on scientfic lines, in the author's 
opinion there would be little difference between mechani- No. of Per No. of Pe information as to the types, number, cost and other 
eal aad hand Grng and there is no advantage in mechani- od ~~ 4 8 particulars of the German submarines. A gre at amount 

ing in t of this information has already been pu in , 
_ 6 ig ae | of m Nn pow Bie wee on this point many by various naval authorities. ‘ 
is very divi It is as one of the advantages | Good i ..| 28 28°75 65 26-0 —At least seven distinct type of submarines 
of mechanical\firing that the boilers will respond to | Fairly good .. + 88-75 62 24-8 were laid down by the Germans during the war. There 
regtepe: Sys 77 for steam better than hand firing, | Medium . ee, | 80-00 75 30-0 are, however, various classes in each type, the qualities 
On the other hand it is maintained by many steam users ‘Tee ean” Geek 2-50 48 17-2 | of the classes being modified as the i of the 
that ical stokers cannot respond as well as hand Chronic *? = 0 0-00 & 2-0 war showed to be necessary. This evolution resulted 
firing, and that they are, therefore, in this respect better Total 80 00-00 | 250 100-0 | in increase of offensive power—both gun and torpedo— 
adapted for steady loads only, such as cotton mills in seaworthiness, in jurance, and necessarily in size. 
flour mills, &o, It is not easy to decide this point unless The seven types are as follows :— 
most careful observations are and the exact| The results show, therefore, that mechanical firi (a) The ordinary U-boat (Fig. 1, 429), — 
evaporation noted every half hour. The authors firm | is giving better results from the point of view of black 230 ft. long, 750-820 tons ‘ace dleplacement, 
have done this and their experience has | smoke hand firing, as boiler plants ly 


many times, 
almostinvariably been that with boiler ts as 
run to-day this is a defect of vadehaniod! fring. franasy 





being worked to-day. This 
Gaal Chad Uh eel ane, ‘to vee 
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Fig.1. U.161. (ORDINARY U BoaT) 
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Fig. 2. U.135.(U.A.OR CRUISER TYPE) 


















































Fig. 3. V.I39. (U.A.OR CRUISER TYPE, LARGER SIZE) 
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MarcH 26, 1920. | ENGINEERING, 431 
dis t) is stowed in the tanks. The quick-divi The Germans to have far as was General Design.—aAll the boats, except the earl. 
an oheioating oil tanks are independent cyli drical practicable for yard to continue buil lin “the same | and UC classes and U71—80, are of double-hull deioe 


tanks stowed between the two hulls, and not part of the 
ship’s structure, as in other types. It was intended to 
install refrigerating plant for the cooling of the cargo 
and batteries, but was either omitted or removed 
on conversion into a warship. It will be noticed from 
the profile view given in Fig. 7, page 430, that this t 

had an ordinary cargo ship sternpost and rudder, and 
that the bow is different in shape from that in other 
types, and is like that of ordinary merchant ships. 











| 
— } UC1-15. | UCié-79. | UC90-120. 
Length, in feet 111} 170 184 
Breadth, in feet -| 10-3 17-1 18-2 
Draught, in feet v4 | 10 12 12-35 
Surface dis ment, tons..| 177 417 480 
Capacity of ballast tanks,tons| 15 92 79 
Brake horse-power of engines) 90 (1) (2)|}600-—650 (2) 
Speed, knots pa a “5 11-12 11-12 
Normal oil fuel, tons od 3 46-6 63-6 
Total oil fuel, tons .. : +} 2 63-2 76-0 
Endurance .. na pal at 53 | 10,000 at 7| 8,000 at 8 
Brake horse-power of motors} 138 (1) 460 (2) 600 (2) 
Submerged speed, knots .. 5 7 6+ 
Number of mines carried 12 18 14 
Torpedo tubes None 1 stern : aa 
\ 2 = ships 
Guns .. - machine | 1 machine 
| 1 mach. {| seein. | bathe 
Crew .. -+| 16 28 32 











Number of Submarines.—Admiral von Capelle in‘ormed 
the Reichstag Committee that 46 submarines were 
ordered before and 764 during the war, making a total 
of 810. Captain Persius states that 333, with a tonna 
of 205,000, were authorised in September, 1918. 7 
this is the case, pro on these could not have been 


pe 34 of the 40 building at the Vulcan Yard were 
type, 34 of the 38 at Blohm and Voss were of the 
UC type, the 20 at Vegesack were of the U type. To 
obtain quick production the shipyards built the hulls, 
the Admiralty ordering all the fittings and allocating 
them as the boats became ready. Pumps, blowers, 





























U UB uc UF 
a Boats*) Type. | Type. | Type. | Total. 
Completed— 
Surrendered +} 69 64 42 —_ 175 
Missing .. 73 75 62 _— 210 
Building 53 62 27 41 183 
Total -| 195 201 131 41 568 
* Includes U, UA, UE and Deutschland types. 
com and similar fittings were ordered from firms 


making a speciality of such fittings, and continuing to 
supply the same throughout. Captain Persius mentions 
six boats as having been sunk during trials, viz., U52, 
UB 79, 84, 106 and 114 and a UC boat. Four of these 
were amongst those surrendered. Two salvage vessels, 
the Vulcan and the Cyclops, the latter a new vessel, 
and two pressure testing cylinders, were available for 
salvage and testing purposes. The larger pressure 
—- dock was arranged to dock a submarine on either 
side of the pressure cylinder. 

Cost of Boats.—The cost per ton increased very appre- 
ciably as the war progressed. The following figures 
are given by Captain Persius :— 





great at the time of the Armistice. 





4°04 ae 


Taking the highest-numbered boat of each type 
actually building at the yards = after the Armistice, 
a to of 568 completed and under construction is 
obtained, The details of this total are given in the 
next colvymn. From other sources it appears that 
212 U, 249 UB, and 80 UF boots were actually ordered 
from the shipyards, making, with 131 of UC type (there 





| U71-80. | vun7-s2e. 































t.e., & strong pressure hull is en 

wHR 6 ‘view (0, stenining Geek of 
with a view to obtaini surface s The 
external hull extends beyond and envelops the pressure 
hull at the bow and stern. In the UA and larger UE 
types it envelops the pressure hull transversely, but in 
the U, and, later, UB and UC classes, as also in U152-157, 
it extends transversely only to the turn of the bilge. 
As the UB and UC were evolved, the external 
hull extended downward towards this position. 


Or * 


The principal modifications from the ori double- 
hull type of M. Laubeuf are shown in Fig. 8, below, 
the hatched portions indicating ballast tanks 


= 


One modification in the U boat type is in the omission 
of the outer hull over the lower portion of the pressure 
hull, where it came very close and rendered erection 
difficult. The other is the position of the top of the 
ballast tanks, which is brought close to the surface water- 
ores - 8 re Peay oo y Wry hulls ag oye tank tops 

ng free and free venting. is arrangement 
reduces the reserve of buoyancy, but substantially 
decreases the time of diving. 

Pressure Hull,—This is of circular section throughout, 
and is built in three main portions, a long truly-cylin- 
drical portion amidships and two frustums of cones at 
the ends. The three parts are built independently. 
In ~ onetien. “am oe three eons were connected 
together by double-angle rings, the facing surfaces being 
machined, fitted with insertion, and bolted fe 
In later boats the connection was by butt-straps inside - 
and out. The plating is flush, with double-riveted edge 
strips and butt-straps, the rivets coun head and 











int: In the majority of boats the edge strips are 
In 1914 4,110 marks per ton ave inside and outai , the former intercostal Naedese 
In 1915 ,450 - the frames and the latter continuous. The co 
In 1916 4,850 A double-hull boats (U117—126, U135, U139 and U142 
In 1917 6,070 i class) have butt-straps inside and out, but the remainder 
In 1918 9,000 si have double-straps only on top and keel strakes. The 
Fig. D BO: Mi B42 DB PF 
+---- F F & 
| 
Pe eae * 
A Regulating Tanks D Oil Fuel Tanks 
B Quick Diving Tanks E Ballast Tanks 
(620%.¢) 


These figures are confirmed by those of Constructor 
Schirer for UB boats :— ; 
Marks. Marks per ton. 
Early UB boats cost 600,000 or 4,700 


Middle UB boats cost 1,400,000 or 5,030 
(1916) later UB boats cost 3,300,000 or 6,350 
(1918) later UB boats cost 5 to a or 9,500 to 
11,500 
At the rate given by Captain Persius for 1918, a UA 
boat of the U142 class would cost about 20,000,000 marks, 





Length, in feet oa 1864 267. 
Breadth, in feet “4 19} ot 
Draught, in feet s6 +e oe 1575 13§ 
Surface dis ment, tons .. sé 748 1,170 
Capacity of ballast tanks, tons .. 84 345 
Brake horse-power of engines .+| 800-900 (2) 2,400 (2) 
Surface s knots ae Ks 10 -6 14-75 
Norma! oil fuel, tons a6 76 92 
Total of] fuel, tons i 87 189 
Endurance .. gs ee .-| 7,800 at 7 15,000 at 7 
Brake horse-power of motors rT 800 (2) 1,150 (2) 
Submerged speed, knots pd 8 7-5 
Number of mines carried al 36 42 

1 forward 
Torpedo tubes sd a le bow 

structure) 

1 machine 

Guns be { Fry }1,5"e4n or 
Crew . 32 6 











were probably more), a total of 672 boats, instead of 
810. As the hulls were generally built more quickly 


n lily 1,000,000/,, or nearly three times the cost 
of a K class submarine. An ordinary U boat of 800 
tons would cost nominally 360,000/., or about twice that 
of the same size of boat built in this country. The 
cost of the 385 completed boats is 1,390,000,000 marks 
to 1,400,000,000 marks, and the probable cost of the 
810 of von Capelle. would be not less than 4,000,000,000 
marks, or nominally 200,000,000/. 

Time of Building.—Captain Persius states that a boat 
of 800 tons at first took twenty-four months to com- 
plete, and this was increased later to thirty months and 
even more. According to German submarine officers, 
an ordin U boat required seven to ten months and a 
UA boat eighteen to twenty months to complete. This 
a) to be one of their objections to the UA type. 

onstructor Schiirer states that the first UB boat (128 
tons) was built in one hundred days, all 17 of the earlier 
class being delivered in seven months. Re-erection 
took a fortnight. Thethirty boats of the UB 18-47 class 
(265 tons) were delivered in seven months. The latest 
class (521 tons) were under construction from twelve to 
eighteen months. Captain Persius’ figures do not ay 
to be greatly in error when compared with these, it g 





than the engines, batteries, motors, &c., could be pplied, 
it is probable that orders for the latter were placed with 
the makers in advance of the hulls from the shipyards, 
80 as to be ready for the hull when required. This 
may explain the difference between 672 and 810. ° It 
will be noted that 385 boats were completed and that 
more than one-half of these were destroyed, the losses 
being spread fairly evenly over the three t The 
210 given as missing is eight more than the number 
stated to have been destroyed by the Allies during the 
war. It ineludes boats sunk by the Germans themselves. 
aking 30 as the number completed before August, 
1914, 355 were completed during 222 weeks of war; or 
slightly over one and a-half per week. 
_ Yards Employed.—T wo buildi ards—the Imperial 
Yard at Dantzic and the Germania Yard at Kiel—built 
submarines before the war. During the war at least 
12 other yards were engaged on the work, Just after 
the Armistice 40 boats were under construction at the 
Vulean Yard, 38 at Blohm and Voss, 29 at i 
28 at Weser, 25 at Dantzic, and 20 at Vegesack. 

In this country three private yards and one dockyard 
built submarines before the war. The number was 
docu” Lord Fisher to 12 private yards and four 





tood that he includes time for trials, whereas 
Schiirer does not. 

In this country during the war it was generally believed 
that the time uired for completion of German sub- 
marines was considerably less than those stated above. 
The times required for our own boats were eo 
with these false reports, and a certain amount of adverse 


criticism resulted. It now appears from the published | also 


German figures that our own time of construction was 
was not only as good, but even better than theirs. Six 
E class boats (700 tons) were completed by one firm in 
thirteen months, the first being delivered in eight months 
from the date of order. Other firms delivered similar 
boats in ten to twelve months. The first K boat (1,880 
tons) was delivered in fifteen months, and six J boats 
ras Shag 4 by the dockyards in fifteen to eighteen 


months, 

These times also com: very favourably with the 
performance of the Bethichem Steel Company, U.S.A., 
who delivered 10 H boats (356 tons) in six toseven months, 
when it is remembered that in that case un- 

was available, whereas in this country 
was limited and engaged in the building of other classes 
of warships, every one of which was most urgently 
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€ Lubricating Oil Tanks. F Ballast Tanks Fitted to take Oil Fuel. 
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thickness of plating varies from ;; in. to 7% in., and is 
of mild steel, but in U139 class it is 1} in, thick and of 
armour quality. In U142 class it is the same. The 
frames are generally angle bulbs, the standard spacing 
being 32 in. . 

External Hull.—This is } in. to } in. thick, lapped at 
edges and ae at the butts. The frames are angles 
worked at the spacing of the pressure hull frames. 

8 ision.—Except in U139 and U152-—157 classes, 
the.subdivision of the main hull is wholly by transverse 
bulkheads. In the boats mentioned watertight decks 
are worked over the battery spaces, and in U152-157 also 
over the —- hold. 

In the U, UA and later UE classes the majority of the 
bulkheads are of the dished type, but in the smaller 
boate and in U152—157 they are t. berg the 
dishing is spherical and about 16 in., but in U139 it is 
cylindrical. The doors in the dished bulkheads are 
cireular, about 36 in. diameter, and can be operated 
quickly and easily. They are arranged similarly to the 
breech block of a gun, é.¢., with projections and spacings 
on two rings—one on the door and one on the bulkhead 
—of which one is fixed and the other rotated slightly 
when the door is closed. mounted on a screw 
thread, the movable ring draws 
its seating. When the door opens, the rotating is 
automatically locked, and thus the two rings are always 
in the correct relative position for closing. 


is not wholly used for this 
is shown in Fig. 9. 


space 


for oil fuel, and these are termed oil fuel 
tanks. Two isp 
ies eieedel = i —— oil h ~v 
i pro ° , » 
ing oil, torpedoes, or and ammuni are 
used for variation of ight when the density of 
the sea water requires it. ir position ami 
necessitates the t and con- 


arrangemen 

sumption of the variable weights, Adjacent to the 
ing tanks and symmetrically about 

amidships are two tanks for lubricating and 

The latter are 
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ENGINEERING. 
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Their positions are at the tops of the ballast tanks, and 
they have holes at bottom and top. Their method of 
operation is not very clear, but it is presumed that the 
holes are made of such a size that flooding on the immersed 
and draining on the emerged side is slow and thus 
moderates the rolling. 


~lPumping, Flooding and Blowing.—The subdivision | 


of the pressure hull not being good, a powerful two-stage 
centrifugal salvage pump is fitted in the control-room, 
It has a 9 in. suction main, with branches in all main 
compartments, and is capable of discharging 120 tons 
per hour against a 200 head and 450 tons against 
50 ft. head. Three smaller pumps—single-acting 
reciprocating—are fitted in the control-room, and also 
in the end compartments, all connected by main line 
pipe for dealing with smaller quantities of water in the 
ordinary operations of the boats. Flooding valves 


and vent valves to ballast tanks are large enough to | 


enable the boat to submerge quickly. 
Air at 160 atmospheres pressure is carried in reservoirs 
of 13} cubic feet capacity, stowed in the superstructure 


or bétween the two hulls at the sides. The tank-blowing | 


arrangements are elaborate, and provision is made to 
blow from :—(1) The central compartment, (2) the con- 
ning tower, (3) the forward compartment, (4) the after 
compartment, (5) a diver’s connection through internal 
air pipes, (6) a diver’s connection by pipes direct to 
tanks. With the conning tower hatches open, the 
tanks can be blown by air from a turbo-blower in the 
control-room. These turbo-blowers are direct driven 
by motors running at 4,000 to 5,000 revolutions r 
minute, and deliver 700 cubic feet to 14,000 cubic feet 
of air jper minute at 1} atmospheres pressure. 

reriscopes “and Conning Towers.—Most boats carry 
three periscopes, two main and an emergency. The 
main are used from the conning tower, and the emergenc 
from the control-room if the conning tower is flooded. 
or the main are fout of action. Large trunks fitted 
through the control-room for housing the perisco 
cause the room to be very cramped. he commanding 
officer controls the boat from the conning tower, and in 
the U, UA, latest UB, and later UE classes the tower is 
of armour quality steel, about 1} in. thick. In the 
other classes it is of ordinary steel, about } in. thick, and 
has no lower scuttle to separate it from the control 
room. 

Ventilation.—T wo powerful fans are fitted for ventilat- 
ing the battery and boat. 
end of the engine-room, one being an exhaust and the 
other a supply fan. The cells of the battery are each 


connected to a series of pipes connected to the exhaust | 


fan trunk, and hydrogen given off in the cells is exhausted 
direct and discharged overboard. The fans are also 
arranged to circulate the air when submerged. Air 
purifiers, consisting of boxes with layers of coniunh and 
potassium hydrate, are fitted on some of the ship's 
exhaust branches to purify the air of the boat when 
circulating submerged. Oxygen is also carried and is 
freed into the air-circulating system to replace the 
oxygen used up by the crew. 

Engines.—The majority of the boats are fitted with 
four-cycle six-cylinder engines. U135 and-U139 classes 
have two main engines of 1,750 brake horse-power each 
at 390 revolutions per minute. U142 class were to have 
had engines of ten cylinders of the same size, each engine 
developing 3,000 brake horse-power. No boats of this 
class were completed, although the engines were ready. 
These engines have cylinders with a diameter of 530 mm. 
and a stroke of the same. The length of engine is 38 ft., 
including 5} ft. for air compressors. The height is 11} ft., 
and height above centre of shaft 8 ft. Ll}in. The breadth 
is 4 ft. 10} in., and the engine completed is stated to 
weigh 76 tons, or about 56 lb. per horse-power. Auxiliary 
engines driving ‘electric generators are fitted in the UA 
classes, and are used for charging the batteries, or as an 
electric drive by using the main motors. U135 has two 
auxiliary engines, each ‘of 450 brake horse-power, and 
U13® has one of the same power. U142 class were to 
have been fitted jwith a 550 brake horse-power auxiliary 
engine. These auxiliary engines are in a separate engine- 
room to the main. The ordinary U boats and the 
larger UE class have engines of 1,200 brake horse-power, 
running at 450 revolutions per minute. It will be seen 
that the largest German sub ine engi develops 
300 brake horse-power per cylinder, and the ordinary 
U-boat engine’ 200 brake horse-power. The necessity for 
quick uction of engines in this country during the 
war prevented progress beyond the standard 100 brake 
horse-power per cylinder. The smaller length of the 
larger-powered cylinder engine for the same total power 
has many obvious advantages from the point of view of 
hull design. 

Speed.—Reports as to great speeds obtained by 
German submarines on trial reached this country in the 
first year of the war. These were apparently confirmed 
by our patrols, and caused some uneasiness. Information 
sifce received show that these reports were greatly 
exaggerated, but at the time hey led to the ordering of 
the J class submarines by Lord Fisher. These were 
to have the greatest speed practicable with the existing 
type of engine, and were the first boats fitted with the 
12-cylinder Vickers engine. The s , both surface 
and submerged, given in the tables for the various classes, 
are low, but are generally design figures, and would 
probably not be exceeded on trial. It has been pointed 
out by some authorities that the main purpose for which 
these boats were built, #.e., the sinking of merchant 
ships, did not uire a high s This may be the 
case, but it remains the fact that the engine power of 
most of the types is high and the resulting speed less 
than might reasonably be expected. 

U135 is of the same displacement as the J class sub- 
marines, and has the same main engine power, viz., 
3,600 brake horse-power. The J class ve triple 





These fans are at the fore | 


screws, which is a slight disadvantage, but they obtained 
a speed of 19 knots to 194 knots against 16 knots to 
16} knots in U135. The ordinary U-boat of U161 class, 
of about the same length and with the same engine 
power as our L-boats, has from 1 knot to 1} knots less 
speed. The large middie-line ballast keel and the 
resting keels of the U, UB and UC types, the two side 
keels in the larger types, the fitting of guards to the 
| hydroplanes, and other obstructions, must lead to 
increased resistance, but even when these are allowed 
for the speeds appear small. The submerged speeds are 
also low, although when the obstructions caused by 
|the guns and open mountings, bulwarks around gun 
positions, obstructional wires, net cutters, and similar 
resistful fittings are considered, it is difficult to see how 
larger speeds could have been obtained without increasing 
the batteries and motors. 

Stability.—The fitting of guns, and stowage of ready-for- 
use projectiles on deck, heavy conning towers, air bottles 
at top of boat, wireless masts and their heavy operating 
gear, must have made the problem of obtaining sufficient 
stability a most difficult one. It is not surprising, 
therefore, to find that some of the types required ex- 
tensive modifications. The U117-126 and U139 classes 
were on completion found to be deficient in stability. 

U139 class are stated to have had 3 in. B.G., and, on 
first visiting Germany, the Allied Nava] Commission 
found that wood filling was being fitted in one of the 
class at the edges of the upper deck for a considerable 
length, to increase the buoyancy and stability. U141 
on inspection was found to have this wood filling fitted. 

U117-126 were designed to have a metacentric height 
|in the surface condition of 17 in., and when submerged 
‘ce in. It is not known what the actual figures were, 
| but large buoyancy tanks, capacity 11 tons to 12 tons, are 
fitted right forward under the upper deck, and it has been 
| stated that some of the mines in the top rows and one 
| gun had to be omitted to obtain sufficient stability. A 
| report of the German Submarine Acceptance Committee 
states that these boats had no available dis ble 
weights to remedy the leakage of their oil-fuel tanks. 

U135 was designed to carry a 5-9in. gun forward and 
a 3-5 in. gun aft, but on surrender the latter was not on 
board. This boat has a metacentric height in the 
surface condition of 11 in. and 5 in. submerged. For 
a slightly greater draught when the tank tops are sub- 
merged the surface G.M. diminishes to 6} in. 

U161 class have a B.G. of 5 in. They carry about 
60 tons of ballast, 7} per cent. of the displacement, and 
have buoyancy tanks with a capacity of about 20 tons 
fitted above the regulating tanks. . 

The UB and UC types appear to have been satis- 
| factory as regards stability. The metacentric heights 
| submerged as designed are respectively 13-8 in., 9-1 in., 
| 7-lLin., and 14 in., 6 in., and 5-3 in. for the three classes 
|}of each. UC97 carries 24} tons of ballast, or 5 per 
| cent. of the surface displacement. 

As already mentioned, the converted mercantile type 
earry 264 tons of ballast, or 14 per cent. of the surface 
displacement. 

Ballast keels are fitted in all classes except U152-157. 
Resting keels are also fitted amidships in the U-boats 
to allow them to sit upright on the bottom. The ballast 
keels in U, UB, and UC types are very broad and built 
up of plates and angles, the ballast being in pigs stowed 
in the box so formed. 

UA and later UE types have side ballast keels extend- 
| ing from 150 ft. to 200 ft. along the bottom. 

Seagoing Qualities.—Some of the surrendered boats 
have been tried under service conditions. These trials 
have proved them to be good sea boats, keeping dry in 
@ seaway and mancuvring well under a When 
submerged they do not prove quite so satisfactory, and 
some of the types take a great amount of time before 
their peculiarities are thoroughly understood. They 
dive quickly, but take up large angles of inclination 
longitudinally in the operation. They also appear 
sluggish in their movements when being kept on a straight 
horizontal course. The areas of the hydroplanes are 
smaller than those usually adopted in the submarines 
of other nations, and this may possibly account for 
their sluggishness. They also appear to Fa @ certain 
angle of trim at which diving is carried out more easily 
than at others. The smaller areas of hydroplanes also 
render them less easily controlled at very slow speeds. 
They turn quickly when submerged, their rudder areas 
being greater than those usually adopted. So far as 
can be gathered from British officers who have been 
present on such trials, they prefer their own boats. 
There are, however, some details which they consider 
are better than in our boats, 

Conclusion.—The foregoing outlines the main features 
of the vessels whose activities during the war must have 
caused the greatest anxiety to the Allied leaders and 
affected the daily life of all the subjects of the Allied 
nations, but particularly those of this country. The 
results are still being felt, and possibly more by the nation 
which built and used them than by others. 

A few comparisons have been made with our own 
submarines. One further point, however, is worthy of 
notice. The largest completed submarines of both 
countries, i.e., U139 and K classes, are practically of 
the same displacement, viz., about 1,850 tons on the 
surface. The K class are 30 ft. longer than U139, and 
are fitted with steam turbines instead of internal com- 
bustion engines. The surface s' are 24 knots and 
16 knots respectively, the submerged speeds 8} knots and 
7-4 knots. K class have eight 18 in. torpedo tubes 
and U139six 19-7 in. torpedo tubes. The guns for which 
the later K boats were designed were two 5-5 in. and 
one 3 in., compared with two 5-9 in. in U139. The 
normal oil-fuel capacities are 170 tons and 102 tons, 
and the total 330 tons and 390 tons. Endurance with 
the steam plant is less than with the internal combustion 














engines. Both classes have an auxiliary engine drivin, 
adynamo. The other important difference is that U139 
has an armoured pressure hull and the K class an ordinary 
pressure hull. 

Further general comparisons between British and 
German submarines built during the war can be made 
by using the figures for British boats given by Sir Eustace 
d’Eyncourt in his paper read before this Institution last 
year and those given in the tables. 

Such comparisons are useful and interesting so far as 
material is concerned. They eannot, however, include 
one all-important factor, and that is the personnel of 
the submarine services. Im that respect we stand, I 
think, far and away above the Germans, and I am sure 
the members of this Institution will join me in the hope 
that this will always prove to be the case. 

I have to thank the Director of Naval Construction 
for his permission to publish the information given in 
this paper. 





CATALOGUES. 

Machine Tools——The Associated British Machine 
Tool Makers, Limited, 17, Grosvenor Gardens, London, 
8.W. 1, have sent us a copy of the first issue of a small 
monthly journal containing deseriptions of their machines 
and articles on machine-shop practice. 


Water Flow Measurement.—The Lea Recorder Com- 
pany, Limited, 28, Deansgate, Manchester, has issued 
a booklet for civil engineers on the measurement of water 
flow by means of V-notches and weirs, and also dealing 
with the indicating and recording apparatus made by 
the firm. Useful tables and technical data are given, 
and the instruments are illustrated and described in 
detail as applied to the measurement of streams and 
rivers, compensation water, oe to reservoirs, mine 
water, pump discharges, sewage flows, &c. 


Motors and Dynamos.—A catalogue of direct-current 
motors and dynamos received from Messrs. H. T. Booth- 
royd, Limited, Bootle, Liverpool, gives in exceedingly 
clear and well-arranged form all necessary particulars 
of a series of each of these machines in sizes ranging 
from under 1 h.p. to 100 h.p. The machines are of the 
multipolar type with shunt, series or compound winding, 
and are fitted with interpoles when uired. Nearly 
all. conditions of service are provided for by the six 
following adaptations: Open pedestal, protected, 
enclosed ventilated, drip proof, pipe ventilated, and 
totally enclosed. All the parts are made to gauge and 
can be replaced from stock. 


Pipes and Fittings——A bound octavo catalogue of 
96 pages, from Messrs. Aiton and Co., Limited, Derby, 
gives very complete particulars of wrought steel and 
cast-iron piping and fittings made by the firm. Oil 
pipe lines for working pressures up to 800 lb., hydraulic 
lines for 2,000 lb., and cast-iron pi for 100 lb. are 
tabulated with all required dimensions for fitting up. 
Expansion bends and joints, steam separators, ejector 
heaters and a great variety of valves, coils and mixing 
vessels are yer The ete also deals with light 
welded steel air piping, and with gangways, gratings, 
krackets, &c., vaell Ls iintetion with large pipe installa, 
tions. Useful technical data and equivalent terms in 
English, French and Spanish are included. 


Small Steam Engines.—An interesting and, in these 
days, remarkable catalogue of small steam engines comes 
from Messrs. Robey and Co., Limited, Lincoln. Single; 
cylinder, horizontal engines are made for powers as low 
as 2 ~e economical and 3 h.p. maximum, with steam 
at 60 lb. pressure and in 15 larger sizes for working 
pressures of 60 Ib., 80 Ib. and 100 lb. The largest size 
gives @ maximum horse-power of 64 and an economical! 
horse-power of 52, at 100 lb. These sizes are repeated 
in engines of the vertical type, which are supplied with 
or without a vertical boiler. Six sizes of two-cylinder 
single expansion engines are also made with economical 
outputs ranging from 40 h.p. to 100 h.p., at 60 Ib. pressure, 
and higher outputs at higher pressures up to 100 Ib. 
A series of six ines of the two-cylinder diagonal 
frame type is also listed, the cylinders and guides being 
inclined at about 45 deg., with the crankshaft at the top. 
The diagonal engine takes up tg little floor space, 
the parts are easily accessible for cleaning, and the 
driving pulley is conveniently situated. These engines 
are largely used in textile mills and alzo by printers, 
dpenn, Sheeahens and others. Finally, — are 
given of a series of horizontal compound engines, with 
the cylinders placed close together and the crankshaft 
working in two outside bearings. These engines are 
suitable for working prossures up to 120 Ib., and are 
made in nine sizes, of which the smallest gives 11 h.p. 
economically and 15 h.p. as a maximum, while the largest 
size gives 96 h.p. economically and 128 h.p. as. @ maximum. 
The whole of the engines li are made strictly to 
templates, so that the parts are renewable and inter- 
changeable. 
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itaments containing machinery. ] 
See * is to be deemed to include such egy 
only as is fixed or attached to the hereditament. In th« 
case of any hereditament occupied for any trade, eer 
or manufacture, the expression “fixed or attac oll 
shall be construed as applying to all machinery or pian 
in or on the hereditaments for producing OF puck 
mitting first. motive power, or for heating or lighting ce * 
hereditament, but chal not apply to machinery i. h 
are only so fixed that they can be removed from thew 
place without necessitating the removal of any part 0! 
the hereditament 





